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INTRODUCTION
SECOND EDITION

On the appearance of the first edition of Paragon X-Eay Pointers

so many requests were received for copies that the supply was rapidly

exhausted. Its value having been instantly recognized many requests

were received for a sufficient number of copies to be used in classes in

radiography at the various clinics to supplement the personal instruction

given.

Included in this edition are the many improvements in technique

and descriptions of recent changes in X-Eay tube construction.

This booklet will assist the radiographer, whether novice or expert,

in obtaining the best possible results on Paragon plates with any form
of X-Eay apparatus.

Being intended only for the practical worker space has not been

given to the deep scientific theories regarding the X-Eay.

The Paragon plates are made especially for fine radiographic

work, and will give negatives of the highest grade showing fine detail

and deep contrasts—with remarkably short exposures.

They can be relied on at all times as they are of uniform speed

and density. The finest bone structure or the soft tissue details are faith-

fully rendered by them even with small apparatus.

Excellent for use with portable coils, they are invaluable to the

transformer user.

X-Ray treatment will not be considered as there are many text

books on this subject, but few practical books on radiography.

GEORGE W. BRADY & CO.,

754 So. Western Ave.

CHICAGO, ILL.

Copyright May, 1915, by George W. Brady.

ALL RIGHTS RESERVED.





PARAGON X-RAY POINTERS

WHAT X-RAYS ARE

We do not know what the actual secret of the X-Ray is, for while

some of the laws which apply to light apply to X-Eay also, many of them

do not. For the sake of brevity we will take it that they are a form of

wave in the ether, and have the power to penetrate almost all substances

in ratio somewhat according to their density. The X-Ray was acciden-

tally discovered by Prof. Roentgen in 1895, although the use of the

Crookes tube which produced it dates back many years before this time.

X-Rays are caused by the bombardment of a surface by the cath-

ode stream of electrons liberated by passing a very high tension current

through an exhausted tube of special construction and degree of exhaus-

tion. The penetration of the ensuing X-Ray depends on the velocity of

the cathode stream when it strikes the surface which gives out the ray.

The velocity of this stream is governed by the voltage applied to the

terminals of the tube and the degree of exhaustion of the tube; conse-

quently, a short explanation of the electrical terms will be of value, and
the simplest explanation will be to compare an electrical circuit to a

water system. The volt represents the pressure applied, whether the

water is flowing or standing still; the ampere represents the unit of

quantity; the ohm the unit of resistance. The watt is the pressure times

the quantity and represents the power. The rheostat, which will be

referred to occasionally, is analogous to a valve in a water system. The
more the valve is closed the greater the resistance to the flow of water

and the less quantity can pass through. The direction of flow is gener-

ally spoken of as from positive to negative, or from anode to cathode.

The anode represents the positive terminal, the cathode the negative

terminal.
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The different forms of apparatus for exciting the X-Ray tube are
practically four in number: the portable, or high frequency apparatus;
the induction coil; the interrupterless transformer, and the static

machine.

The first three depend on a combination of magnetic and electrical

effects to produce the energy. Therefore, a short explanation of the
principle of the induction coil will be of value.

If an iron core has a coil of wire wound around it and a current
of electricity is sent through the wire, the iron will be magnetized and
the ends of the core will show a polarity according to the direction of

the flow of current and the direction of the winding.

If around this coil or magnet a second coil be wound, having no
electrical contact with the first coil, it will be found that at the moment
a current is sent through the first coil, another current is generated in

the second coil. This secondary induced current is formed only the
moment the current is started in the primary coil; it does not continue
as long as the current flows in the primary coil—but, as soon as the
current is broken in the primary, another current is caused to flow in

the reverse direction in the secondary. This is more powerful than the
current formed at the make.

It has been found that the wattage of the secondary current is the
same (with a small loss due to internal resistance) as the wattage of the
primary, and the voltage is proportional to the windings; thus, if you
have 50 turns of wire in primary and current is at 100 volts, and in the
secondary 1000 turns of wire, the voltage of the secondary current will be

^ x 1000=2000 volts

If two amperes were sent through the primary, wattage of primary
would be 200; wattage of secondary is also 200, and since wattage equals
amperes times volts, amperes in secondary is

200 1

2000=^ ampere

A transformer or induction coil is built on this principle, the pri-

mary current being rapidly made and broken—in the transformer by the
alternating current itself, and in the induction coil by means of an inter-

rupter, and in the high-frequency coil by a special use of a condenser,
spark gap and alternating current. In the latter the iron core is left

out, as its speed of magnetization and demagnetization is too slow.

The interrupter and the alternating current both give alternating
directions of secondary current. It will be seen as we go further what
devices have to be used to obtain a direct current essential to X-Ray
work.

When a coil or transformer is built with a special winding, it can
be operated directly on an alternating current circuit, such as is used in

practically every city for electric power or lighting work.
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If the transformer or induction coil is connected to a direct cur-

rent circuit, there will be a very heavy rush of current due to the low
resistance of the winding to a direct current flow. This would blow the
fuse immediately, thereby shutting off the current supply.

An alternating current, however, which is the one in use in most
of the cities throughout the country, does not flow constantly in one
direction, but reverses its flow from 3000 to 7200 times per minute,
depending on the generators installed in the power house.

The effect of this rapid alternation is to hold down the current
which flows through the primary winding, the actual amount of current
flowing when no power is being drawn off from the secondary depending
on the number of turns of wire in the circuit and the size of the iron core.

The magnetic effect, however, is practically the same as though a
direct current was used. Voltage generated in the secondary reverses in

exact time with the voltage in the primary.

In this case, the current delivered from the secondary or high volt-

age winding is not suited for direct application to the ordinary X-Bay
tube, as the ordinary tubes are made to work particularly with a direct

current high tension circuit. Consequently, some form of mechanical or

vacuum rectifier is necessary to prevent one wave of the current, which
would ordinarily flow through the X-Ray tube backwards, from passing,

or to change its path in such a way that the inverse wave will pass
through the tube in the proper direction.

PORTABLE COILS

The portable coil differs greatly in construction from the ordinary
induction coils, although the same principles apply to it. The electric

lighting current is stepped up to about 2000 volts by a small step-up
transformer if the supply is from an alternating current line.

If, on the other hand, there is a direct current supply line, the
current is made and broken by some form of vibrating interrupter, giv-

ing practically the same effect in the transformer as though an alter-

nating current was used.

The 2000 volt current from the secondary of the step-up trans-

former charges a condenser made of either mica or paper and tin foil.

The discharge of this condenser is through a few turns of wire wound
around the outside of a secondary consisting of a large number of turns
of fine wire. The discharge of the condenser is at an enormous frequency
and, consequently, very high voltages of high frequency are generated
by the Tesla coil, as the combination of the few turns of coarse wire and
the large number of turns of fine wire, is called.

As the current delivered by the Tesla coil is alternating, a differ-

ent form of tube must be used from that used on any of the other types
of X-Ray generator if best results are desired. This special tube has a
valve arrangement built into it which tends to suppress one wave of
the current.
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INDUCTION COILS

The induction coil was formerly the standard type of X-Eay appa-
ratus. It consisted of a straight core of fine iron wire or of sheet iron,

annealed to make it very soft, thus increasing its magnetic effect.

Outside this core is wound a number of turns of coarse copper wire,

each turn being thoroughly insulated from the turns on either side and
also from the core.

Outside of this primary winding was an insulating tube made
either of wax paper, hard rubber or a compound of mica and shellac.

Outside of this again was the secondary, consisting of a very large num-
ber of turns of fine copper wire.

These were generally wound in spools not over 2% inches wide,
each layer being thoroughly insulated from the ones above and below
it, and the whole set into a box which was afterwards filled with a solid

or semi-solid insulating substance.

Connected in series with the primary winding was

THE INTERRUPTER
We will consider only the electrolytic interrupter, as the other

forms are practically unused in America, although some forms of mer-
cury interrupters are still widely used in Europe.

The common form of electrolytic or Wehnelt interrupter consists

of a lead or porcelain container for a sulphuric acid solution, generally
about one part acid with from 3% to 5 parts of water. A lead plate or

rod forms the negative electrode. The positive electrode consists of a
platinum or german silver wire projecting from the conical tip of a por-

celain tube mounted on the cover of the interrupter, this tube usually

extending about three inches below the surface of the acid solution.

In operation bubbles of gas form around the platinum wire, which
projects from a porcelain tube, this gas acting as an insulator and stop-

ping the flow of the current.

If sufficient self-induction is present in the circuit, the gases are

immediately dispersed, renewing the contact, and this operation is

repeated with enormous rapidity, depending on the size of the platinum
point and the voltage of the current supply.

This interrupter does not work especially well over 125 volts and,

consequently, has never given perfect satisfaction on the 220 volt power
circuits which are in use in some cities.

With any interrupter the current produced at the "make" contact
is current in the wrong direction (inverse current), and will badly blur

the picture, owing to generation of X-Rays from different sources, instead
of the single center of the anode or target.

In many cases it is necessary to use a valve tube or a spark gap
in series with the X-Ray tube to prevent this current flowing.
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Inverse current is characteristic of an induction coil, and is the
chief drawback to the use of the induction coil for X-Eay work.

The current used to generate the ray is one of very high voltage,

caused by the sudden rush of magnetism back through the secondary
when a sharp break occurs in the primary circuit. On well designed
coils little inverse will be generated, although all coils have some.

Proper adjustment of the primary inductance and the platinum
point will prevent inverse to a great extent, and will cause the tube
to give rich rays or those having strong chemical effect on the plate.

Slow interruptions with a low inductance give best results as a rule.

When the tube is low enough to give the best results on most of

the work, the current which is generated in the secondary of an induc-
tion coil at the time that the interrupter makes the contact, also tends
to flow in the wrong direction through the tube. This shortens the life

of the tubes greatly and, consequently, either some form of valve tube
must be used or the tube must be kept at a high vacuum so that the
comparatively low voltage of the inverse current will not flow. This
high vacuum prevents a high milliampereage unless very heavy currents
are used in the primary circuit.

RECTIFIER

When the coil is to be used on alternating current, it is necessary
to convert the alternating current into a direct current before it passes
through the interrupter and the coil primary circuit if best results are
desired; otherwise, there will be a great deal of inverse and the platinum
points will be destroyed rapidly. This can best be done with a rotary
converter of which there are two good makes available, or by a chemical
rectifier depending on the valve action of aluminum when in certain
solutions. These rectifiers, as they are called, generally consist of an
aluminum plate or rod in a solution of the phosphate salts of potassium,
sodium or ammonium. Kochelle salt and sodium bicarbonate can also be
used. The other electrode is usually of lead, iron or carbon. When work-
ing properly, current will flow to the aluminum through the solution but
not from it. By properly connecting 3 or 4 jars containing the electrodes,

both alternating waves may be used.

The rheostat, which generally consists of a number of turns of
wire having a high resistance to the passage of the current, is used to

control the current and voltage, thereby varying the power applied to

the coil, by moving a handle which switches out parts of the winding.

Interrupterless Apparatus (or Transformer)

.

This type of apparatus is called the interrupterless transformer
from the fact that no interrupter of any form is used in connection with
it, but it is operated direct on the power or lighting circuit.

With the interrupterless transformer, there is no inverse current,

as the contacts are switched during a time when there is no current flow-

ing through the tube or at the point where the current is at a minimum.
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Comparatively low vacuum tubes can be used with an interrupter-
less, and by applying high voltage to the tube high penetration rays can
be secured with a very large output of X-Ray, due to the large milliam-
perage.

It consists of a transformer wound for voltages up to 160,000,
according to the size and make, together with control apparatus for the
primary current. The usual sizes are rated from two to ten kilowatt,
although capable of carrying very heavy overloads, as a rule.

By means of a revolving commutator the high tension alternating
current is converted into a pulsating direct current, only the peak or
high voltage part of the wave being used, the low voltage parts being
dropped as they would generate X-Rays of low penetration. If the full

wave were used the tube would overheat and the patient might be burned
from soft rays if exposure were too long. This commutator is mounted
on the shaft of the rotary converters of direct current machines. On
A. C. Machines a special synchronous motor is required which will revolve
the metal contacts so they alternately pass the stationary ones during
the peak of the wave. Some transformers have only a single winding
on the primary and the output is controlled with a rheostat in the pri-

mary circuit. Other machines use multiple taps to the primary so as

to use full line voltage and obtain a number of secondary voltages, inde-
pendent of the rheostat control. The use of choke coil control in the pri-

mary tends to shift the point of commutation so that maximum effect

can only be obtained at one point in the range of the transformer con-
trol system. Auto-transformer control is best for radiographic work,
especially with the new type tubes.

Practically all of the X-Ray apparatus now sold is of the inter-

rupterless type or .of the High-Frequency portable type, as a small inter-

rupterless is more satisfactory than an induction coil of the same price
except possibly for fluoroscopic work.

THE STATIC MACHINE
The static machine which depends on the generation of a current

chiefly by induction, consists of a number of plates of mica or glass
revolving between a number of stationary plates. These generate static

electricity which differs chiefly from the other forms mentioned by flow-

ing always in one direction.

While very high voltages can be generated in this way, the mil-

liamperage is extremely small and, consequently, the static machine as
an X-Ray generator is very little used today.

It is of value, chiefly, at points where an electric supply cannot
be had, as the static machine can be driven by water motor or by hand
if necessary.

THE X-RAY TUBE
The modern X-Ray tube is a thin glass bulb varying from 6 to 8

inches in diameter. At two points opposite each other there are large
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glass stems projecting from the bulb, one of them carrying a sheet iron
tube on the end of which is a block of copper. This has a hard metal
facing, generally a sheet of platinum or a button of tungsten inserted
in the flat face, which is set at an angle of 45 degrees to a straight line

through both the glass stems. In the larger stem is set a concave alumi-
num reflector called the cathode, supported by a rod passing back through
the stem.

Both of these metal contacts have small platinum wires sealed
into the glass and with a cap outside to which connections can be made.
Above the copper block, called the anode, is generally another terminal,
called the assistant anode, set at an angle and connected to the outer
terminal of the anode by a spiral spring.

This bulb is pumped to a very high vacuum, only sufficient air

being left in it to afford a path for the passage of the current. When
in use, the tendency is for the vacuum to increase, and unless there were
some means of regulating the tube, the vacuum would finally get so high
that no current could pass through it.

To prevent this most tubes have a small chamber known as the
regulator sealed on to the bulb directly above the anode. A small plati-

num wire sealed in the glass allows the current to be sent through from
the cathode or anode circuit. This chamber is filled with asbestos which
is impregnated with chemicals.

In passing through the asbestos, the current liberates gas from the
chemicals there, sufficient to reduce the vacuum of the tube. This is only
temporary, however, and many tubes will go up in vacuum again as soon
as they are allowed to cool. So far as possible, the tube should be
selected of the proper vacuum, in order that it may not have to be regu-
lated constantly, which exhausts the chemicals and leaves the tube in poor
condition.

The positive terminal of the coil or transformer must be connected
to the anode terminal and the negative terminal of the coil to the
cathode.

When the tube is connected correctly, one-half of it should be filled

with a greenish light or fluorescence, the other half remaining dark.
When the polarity is reversed or the tube is connected up wrong, the tube
will show rings of fluorescence around the middle of the bulb, but parallel

with the cathode.

The curvature of the concave face of the cathode determines the
size of the focal point where the cathode stream strikes the platinum or

tungsten face of the target. This cathode stream is generated by the
flow of current in the tube. The velocity of the stream depends on the
voltage impressed on the tube terminals.

The higher the voltage, the faster the cathode stream travels, and
the greater the penetration of the X-ray generated when the cathode
stream strikes the anode. On powerful apparatus great heat is de-

veloped at this focal point, which melts the metal, and the force of the
stream would quickly pit or burn a hole at that point, causing unsatis-
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factory operation. To prevent this, tungsten is used in all large tubes
designed for heavy work, as it has a very high melting point.

The milliamperage of the current flowing through the tube de-

termines the quantity of X-Eay generated. A large quantity of ray, how-
ever, is of little value unless it has sufficient power to penetrate the part

to be radiographed; consequently, the vacuum of the tube used and the

voltage of the apparatus are very important in radiography.
If the vacuum is comparatively low and a low voltage is used,

the rays will have very little penetration and, if used for radiographic
work they will not penetrate through the part sufficiently, even though
very long exposures are given.

In addition to this the entire chemical effect of the ray will be
close to the skin and a burn may result from very long exposure. A
tube with low resistance, giving little penetration, is called a soft tube.

Hard tubes, giving high penetration rays and requiring high voltage to

operate them, generally have a high vacuum.
It is essential that the penetration of the rays issuing from the

tube should be sufficient to get through the part to be radiographed in

order that the chemical effect may be sufficient to change the silver on
the plate.

If the vacuum is very high, the rays will penetrate through the
bone structure as easily as the soft tissues and, consequently, unless very
short exposures are given there will be little if any contrast, and the
plate will be dark and hazy.

Owing to the static effect and other causes not thoroughly under-
stood, tubes, as a rule, are very changeable. The quality of the ray
given out by tubes of apparently the same appearance and pumping will

vary greatly. All tubes are not good tubes, and if possible each tube
should be tested so that it may be operated at its best working point.

The average transformer tube works best at from 30 to 40 milliamperes,

although tubes will occasionally be found which will give wonderful re-

sults on the same apparatus with currents of 70 milliamperes or more.
No hard and fast rule can be given for this, but, as a general thing,

np tube should be accepted which will not light up and give a sharp,

clear hemisphere on a light current, and be as free as possible from
fluorescence behind the anode or in the "dark" hemisphere. If the
glass around the cathode shows a number of very bright streaks or spots,

the tube is likely to puncture readily at this point.

If the cathode is set too far back in the neck, or too far forward,
the tube will not operate as well, or have as long life as the one where
the curve of the cathode is practically a continuance of the line of curve
of the bulb.

Radiographic tubes are often selected by a wire test, by placing
a number of cross wires at a point about 5 inches below the anode. An
X-Ray plate placed at 20 inches below the anode and given a very short

exposure, then developed in the usual manner, will have a shadow of the
wire cast on it, and the sharpness of the image will determine the radio-

graphic quality of the tube. If the tube is a fine one which will give fine

sharp details, the wire shadow will appear almost normal size. If it is
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of broad or poor focus, the image is likely to be almost % of an inch
wide.

Unless used at considerable distance from the plate, a tube show-
ing a broad shadow should not be used for radiographic work, as the
outlines of bone or kidney will show distorted on the plate, in proportion
to the width of the wire shadow. Too sharp focused tubes should not be
selected, as they tend to burn the anode very fast. The size of the focal
point is often considered a guide in selecting tubes.

The exact size of the spot is not so important as that it shall have
a clear cut outline instead of a blurred appearance. In selecting tubes
for transformer, a few practical rules will often assist the radiographer.

The tube should be low enough in pumping to light up with a very
light current when new, as the vacuum will increase constantly, and a
tube which is very low when new will generally have a much longer life

than one which is high to start with.
Owing to the necessity of demonstrating new machines when in-

stalled, many transformer manufacturers send out high tubes with the
machine. Medium low tubes should be selected later, however, whenever
tubes are purchased. A tube should be selected which will not have to

be reduced when new to make it light up readily. "Where economy is im-
portant, the tube selected should be one in which the vacuum should re-

main practically constant, so that the tube should not have to be reduced
for every exposure. When this rule is not followed out, the chemicals
are exhausted rapidly from the regulator, and the tube becomes so high
that it is almost impossible to reduce it. High pumped tubes often have
flickering spots on the bulb back of the anode, and these tubes should be
avoided for transformer work.

Coil tubes are pumped much higher than transformer tubes in order
to hold down the inverse current. For this reason, they often go up
in vacuum very fast after having been reduced. Care should be taken
that the tube is free as possible from the flickering spots around the cath-

ode, as mentioned. Coil tubes tend to puncture much easier than trans-

former tubes owing to the higher voltage and vacuum.
Inverse current is shown by rings around the bulb, as though the

polarity were wrong, even if the tube has been connected properly. The
series spark gap should be opened to prevent this inverse current if the
exposure is not yet completed, in case the inverse is due to the anode be-

coming overheated and giving out gas which lowered the vacuum.
Owing to their speed, Paragon Plates will give good radiographs

on practically every case before the tube heats.

This inverse causes a fine deposit of metallic particles on the walls

of the tube, making it unreliable and short-lived.

When inverse occurs, milliampere readings are of no value, as the
meter only reads the difference between the flow in each direction.

An oscilloscope connected in circuit will show inverse by glowing
at both wires; lack of inverse by glowing at negative wire only.

Tubes for portable coils generally have a second terminal resem-
bling the cathode set to focus into a hollow cone or a spot on the back of

the anode. These tubes should not have a spiral wire connecting the
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anode and the assistant anode, as is the case with many of the trans-

former and coil tubes, otherwise you are likely to get a double or blurred
image on your plate.

On transformer tubes it is advised that the long wire connected
to the regulator be removed or cut off at the small ring, as the current is

likely to jump to the regulator wire when the exposure is made with all

the power of the apparatus turned on.

The very heavy current which passes through the regulator at this

time may reduce the tube so far that it will be impossible to bring it back
in vacuum and it will have to be re-pumped.

Care should be taken in the reducing of the tubes. With trans-

formers, the highest inductance with rheostat practically all in should
be used in order to get a high voltage with low milliamperage, saving the
tube from being reduced too far.

With coils it is advised that the regulator wire be set down to

about i^-inch, or if a third terminal is used that it should be practically

closed and the tube reduced, using only a light current, then opening
the spark gap at the regulator to at least 2 inches before testing the
tube.

On some makes of coil tubes, it is advisable to set the regulator
wire at 5 inches when making the exposure.

If the tube is accidentally lowered too much, it can often be
worked back up in vacuum by removing the spiral wire which connects
the assistant anode to the anode. Move the connection leading from the
positive pole of the apparatus to the assistant anode. By running a
current into the tube in this way, leaving the cathode hooked as usual,

the vacuum can be worked up generally in a short time.

Opinions differ as to the best method of doing this, some using
a light current of 2 or 3 milliamperes, stopping as soon as the tube
begins to warm slightly. Some tubes will respond much faster if a
heavy current up to 40 milliamperes on one of the higher inductances
of a transformer is used.

As soon as the tube starts to raise, as will be shown by the milli-

ampere reading dropping off, the rheostat should be set back so that a
lighter current will be used. The tube should be watched closely in this

case to note that it does not get too hot directly under the anode or

around the cathode stem.
Do not heat the tube beyond the point where a finger can not be

held on it without discomfort.
The tube should then be put away until cold, when the operation

can be repeated. Some advise raising the vacuum on very low tubes by
replacing the negative connection on the anode and the positive connec-
tion on the assistant anode. While this drives the tubes up rapidly, it

tends to leave them freaky and they cannot be depended on afterwards,
as they are likely to back up a very long spark and yet generate very
little ray due to the current traveling on a metallic deposit on the inner
surface of the bulb. Do not use this method.

It is not advisable to reverse the current through the tube for the
same reason. Working a fairly low tube up gradually either on light
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radiographic work or on treatment work generally leaves it in fine condi-
tion for radiographic work when it gets medium high, provided it is of
the proper focus.

There are several good ways of keeping tubes when not in use.

There are two or three styles of wall tube holders consisting of bent wire
covered with rubber tubing.

Many hospitals keep their tubes in light wooden or heavy card-
board boxes, opening at the end.

Write for our blue sheet which gives more detailed information in

regard to tubes.

LATEST DEVELOPMENTS—
THE HYDROGEN TUBE

The Hydrogen Tube, recently placed on the market, does not use
the chemical regulator described on page 10, but depends on the admission
of a small quantity of hydrogen into the bulb for the reduction of the
vacuum. This is controlled by the heating of a thin palladium or other
metal tube in a chamber containing hydrogen gas at atmospheric pres-
sure. This heat is generated by a discharge of current from a small but-
ton of metal set opposite the closed end of the palladium tube, the button
being connected to the cathode terminal of the machine, while in use.

The metal tube is closed at one end, the open end connecting directly into
the vacuum chamber of the X-Eay tube.

Heating the osmo tube in the reducing chamber permits the hydro-
gen to pass through by osmosis, this gas reducing the vacuum and per-

mitting a larger current to flow. When it is desired to raise the tube
vacuum the same method is used, another osmo tube in a second chamber
open to the air being used instead. When the current heats this osmo
tube, it allows the free hydrogen gas to pass out of the bulb, in this way
raising the vacuum.

The ordinary form of tube usually has a natural vacuum, governed
by the conditions under which the tube is pumped. With a hydrogen
tube it is claimed that the natural vacuum can be adjusted so that the
tube will go back each time to the normal point, and that the operator
can control this according to his preference for high or low tube tech-

nique. Apparently the tube gives about one point higher reading on the

Bonoist penetrameter for the same back up spark than would be recorded
with the ordinary tube under the same current of milliamperage and
back up spark, permitting heavier current to be used and decreasing
the time of exposure required without danger of puncturing the tube.

NEW TYPE CATHODE
Several of the manufacturers are bringing out cathodes of a differ-

ent type of construction than they formerly used, this consisting of a
sheet steel shell surrounding the cathode. This prevents heating of the

bulb around the cathode neck, and consequently a very large milliamperage
can be used without danger of the tube breaking off at this point, as

was the case with the former tubes when used with heavy currents.

In many tests the bulb of the tube becomes too hot to touch it with
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comfort, whereas the cathode neck is practically cool, or just the reverse
of the old condition. The heavy current it is possible to use, with the
new type of tubes, permits exposure time to be greatly reduced owing
to the large quantity of X-Eay generated. Abdominal bismuth work
is being done on the average patient using the regular Paragon X-Eay
plate with exposures ranging from one-sixth to one-third second without
using intensifying screens.

In the near future very rapid development along this line can be
expected.

THE COOLIDGE TUBE
This tube is built and operated entirely different from the ordi-

nary form of X-Eay tube. Instead of having a heavy copper anode with
a hard metal face and concave aluminum cathode, the tube is built with
a solid tungsten target of smaller size and the cathode itself consists of
a spiral filament of tungsten contained inside of a small shell or short
metal tube.

The assembled cathode is mounted out in the tube bulb a short
distance from the anode instead of being set back in the neck of the
tube, as in the ordinary manner. Connected to the cathode filament are
two wires which convey the current used to heat the filament from a
storage battery or a step-down transformer. A rheostat is usually con-

nected in series with the source of current and an ampere meter with a
fine scale reading used so that the filament current can be closely ad-

justed.

After the desired machine voltage has been selected, according
to the penetration of ray required, the milliamperes flowing through the
tube are controlled by the heat of the filament, this in turn being con-

trolled by the rheostat and the number of amperes used in the filament.

The higher the filament temperature the larger the number of milli-

amperes will flow and the shorter the exposure required to give a definite

chemical effect on the X-Eay plate.

For fluoroscopic work a very high voltage with small milliamper-
age is best, but for radiographic work about 40 milliamperes with volt-

ages from fifty to seventy-five thousand are used, as a rule. The tube
vacuum is so high that no current will flow to generate X-Eay unless the
filament is heated by current from a storage battery or other source.

While a great deal has been written in regard to the Coolidge ray
it is believed there is no difference whatever between the rays from the
Coolidge tube and from any other tube operated under the same condi-
tions of voltage and milliamperage. Owing to the fact that the flow of

current is controlled positively, the tube can be operated for hours under
conditions which would cause a common tube to practically lose its

vacuum and be of little value.
The first Coolidge tubes had a very broad focus, and while suitable

for fluoroscopic or radiographic work where the tube was two feet or

more from the plate, fine details were not secured, as a rule. This is

gradually being overcome by making the tube of a sharper focus than at

first.
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As a rule storage battery regulation is preferred, as an alternating
current transformer used to heat the filament will usually drop in volt-
age when the main current of the interrupterless transformer is thrown on
to the tube, causing a drop in the line voltage. This loss of heat in the
filament decreases milliamperage flow, and consequently there is less out-

put of X-Eay.
Unless the feed line is very large so that the voltage is practically

constant, most operators will have trouble in arriving at a perfect tech-
nique of exposing when using a step-down transformer for heating the
filament.

The disadvantages are the high cost of the accessory equipment for
operating tube and the heavy loss should one of the tubes be broken.

ACCESSORY EQUIPMENT
Diaphragm. When in operation, the ordinary tube has a hemi-

sphere of greenish light, showing where the X-Ray (which passes off from
the anode or target) is passing through the glass of the tube, and at this

point generate a smaller quantity of secondary X-Rays. The majority
of the rays will come from the point where the cathode stream focuses
on the target. These are the only rays which should be used when taking
the radiograph, and the extra rays, which come from the tube throughout
this hemisphere, should be cut out as far as possible, as they tend to de-

stroy the sharp outlines or contrasts on the plate.

The diaphragm, such as is generally used to prevent this cross ray
effect, is either a rubber arrangement which is heavily loaded with lead
and fits closely around the tube (only allowing the rays to come out
through an opening which should be directly under the anode) or, is

some form of sheet lead or other metal placed directly under the tube.

The most common form in use to-day is a bowl made of glass which con-

tains a large quantity of lead in its composition, mounted on a metal
holder which frequently carries sheet lead diaphragms or slides with
openings of various sizes, according to the size of the image desired on
the X-Ray plate. With this lead glass bowl and diaphragm most of the
indirect rays are screened off, giving sharper outlines to the resulting

radiograph, and at the same time the operator can note the appearance
of the tube, as the lead which is contained in the glass does not interfere

with the passage of light, although it screens out the X-Ray almost
entirely.

While this sheet lead diaphragm below the tube will cut off a

great deal of secondary rays, there will still be some rays striking parts
of the body, especially on heavy work, causing a secondary ray to be
generated at that point which tends to destroy the detail again. To
prevent this, there is usually mounted below the lead diaphragm, a conical

or tubular cylinder, so that the rays which pass through the opening of

the sheet lead at an angle strike on the sides of this cone and are
screened out entirely from the body. This cone or cylinder is frequently
arranged so that it can be clamped down tightly onto the body of the
patient, preventing movement of the patient on the plate during the ex-

posure. This arrangement is called a compression diaphragm, and is
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found especially valuable on kidney or other work where the patient is

likely to move involuntarily.

The diaphragm cylinder or cones vary in size from three to nine
inches at the large end.

Tube Stand. This diaphragm is sometimes mounted on a tube stand
having a heavy iron base to enable it to be used in connection with any
form of table, hospital cart, or other arrangement on which the patient
can be placed.

Radiographic Tables. Practically all of the apparatus manufactur-
ers have a form of metal or wood table with the diaphragm mounted on
it in such a way that either horizontal or vertical radiographic work
may be readily performed. These tables are generally equipped with
mechanical means for moving the tube in every direction and also to pre-

vent the diaphragm from falling onto the patient.

The intensifying screen is used where it is especially desired to do
fast radiographic work, as it increases the effect from five to twelve
times, depending on the quality of the screen and the sensitiveness of
the plates used. Its general form is a sheet of cardboard coated with
some substance which fluoresces in the presence of X-Ray. Some form
of tungstate of calcium is generally used for this purpose. The best
method is to have the screen mounted in a holder with an aluminum
or other front which is practically transparent to the X-Ray, but will

not allow any light to reach the sensitive film of the plate. The screen
should be mounted in such a way that when the film of the plate is

placed next to the screen the light will pass through the glass of the plate
and through the sensitive film before reaching the screen itself. In this

way the grain of the screen will not show in the finished plate.

It is essential that the glass used in the plate be as free from
lead as possible in order that the rays will not be screened out by the
plate itself. For this reason, the best imported glass is used in the
manufacture of Paragon Plates, and it is carefully selected to be as flat

and thin as possible and still have the quality to stand rough handling
during shipment.

When the exposure is made, the ray which reaches the screen
causes the latter to fluoresce, and the bluish visible rays which they give
off have an intense chemical effect on the silver contained in the emul-
sion of the plate. It is necessary that the screen and film be in close

contact to obtain good definition, and some form of pad with spring ten-

sion behind it should be used in back of the screen to insure close con-

tact with the plate surface; otherwise the plate is liable to appear mot-
tled and undefined in spots.

As the bluish visible light given off by the screen differs greatly
from the invisible X-Ray, plates which are made to give the best results

when exposed to the direct X-Ray will not give the best results when
used with a screen. Our screen plates have been brought out to meet this

condition, as they are a great deal faster when used with a screen than
the regular plate would be, although the regular plate is advised for
best results when a screen is not used. The principal use for intensifying
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screens is in abdominal or heart work, where the exposures are usually
from y2 to 1/100 of a second.

The holder which is used to clamp the screen and plate together is

called a cassette.

Many of the intensifying screens can be washed when soiled with-
out injuring them, but special care should be taken that no developer or
other substance which will stain gets on them, nor should they be
scratched, as such defects will show in every radiograph taken through-
out the life of the screen. It is always advisable to have the screen
mounted in a cassette which has a hinged back. The operator will not
then have to handle it in the dark room, it is generally turned up out
of the way when open, and is not as likely to be damaged.

As a general rule, fairly soft tubes should be used with long de-

velopment on screen plates.

It is always advisable to remove the plate from the cassette as

soon as the exposure has been made, either developing at once or placing
it in the ordinary orange and black envelopes, as some screens fluoresce
for some time after the exposure has been made, and if the plate is not
removed the details will be practically ruined. For the same reason, an-

other plate should not be loaded into the screen immediately afterwards,
unless absolutely necessary, as it may be slightly fogged before the
second exposure has been made.

If the exposure is made through the glass of the plate, graining
generally indicates over-exposure. The screen should be dusted thorough-
ly and polished with a piece of white canton flannel, using the pile side.

They should not be rubbed vigorously, as this will attract dust and every
slight particle of same will show when the plate is developed and fixed.

Do not use a large screen for various sizes of plates, as the edge
of the plate will sometimes scratch the screen when inserting or removing
it. If smaller plates are used, a cardboard kit or filler should be used
having a thin strip of celluloid, onion skin, or hard transparent paper pro-

jecting a short distance over the edge of the opening in order to protect
the screen.

Time Switch. Various forms of automatic time switches have
been devised for use with transformers, especially for screen work.
Where the exposures are very small fractions of a second, a time switch
is undoubtedly of value as duplicate exposures of practically the same
time may be made, where it would be impossible to expose them manual-
ly. Where the exposures range from one second up, the time switch, as a
rule, is unnecessary. The radiographer should never take any chances on
the operation of the time switch automatically, but should stand ready
to open the circuit by hand, if necessary. If anything goes wrong so

that the time switch does not operate properly, the heavy current used on
extremely short exposures will ruin the tube before the operator can
reach the switchboard, unless prepared for the emergency.

The best known way for timing exposures mentally is to count
seven as fast as possible for each second exposure. A little practice

counting to seven for each separate second will enable one to time
seconds which will check exactly against a stop-watch.
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Milliampere Meter. The milliampere meter is used to measure the
current which passes through the X-Ray tube. It is of value to the
operator, as tubes can be adjusted to a proper vacuum, thereby giving
a very low percentage of poor diagnostic plates. It is especially neces-
sary in connection with the use of a transformer. There are certain
rules whereby the exposure in milliampere seconds can be figured in ad-
vance where standard conditions of penetration and power can be secured.
A milliampere meter is of no value in connection with the average port-
able coil or static machine.

Valve Tubes. When using induction coils, it is advisable to pre-

vent the inverse current which tends to cause rings in the tube and give
rays which blur the radiograph. This inverse can be prevented by the
use of a valve tube consisting of a cathode and an aluminum wire
spiral or a hollow tube mounted in a glass bulb. This tube is pumped
to a much lower vacuum than an X-E-ay tube, and when properly con-
nected will offer a very great resistance to the inverse current, but will
permit of a free flow of the desired current. Valve tubes with a 7-inch
bulb, or larger, are recommended, as the vacuum is much more stable
and they operate better than the type which have the aluminum spiral.

By their use, comparatively soft tubes may be used with heavy currents,
giving fine results on soft tissue work.

The series spark gap is used for the same purpose as the valve
tube, or to prevent inverse current. The drawback to its use is that it

not only offers a resistance to the inverse current, but also to the current
which produces the proper ray in the tube. One form, called the multiple
gap, generally has a number of conical metal parts mounted in a row on
an insulating holder with the point of one close to the center of the flat

portion of the adjacent cone. A number of short gaps of this type will

prevent the inverse current unless very heavy. The valve tube is to be
recommended, however, for best results.

A wedge-shaped pillow, or block, with an angle of 25 degrees, is

especially useful for frontal sinus or mastoid cell work, as it enables the
operator to obtain the proper angle for radiographing these parts.

A small thin box or frame, large enough to hold a standard size of
X-Ray envelope, will be found useful in doing stereoscopic work on the
lighter parts, as the plates can be inserted and removed readily without
disturbing the patient. This box should have a thin wood, cardboard or

aluminum top, which is practically transparent to the X-Ray.
An illuminating box, covered on the inside with a dead white paint,

such as zinc oxide, should be used for examining the plates after they
have been developed and fixed. This box should contain either a num-
ber of frosted lamps, or should have an opal or ground glass front, with
a number of tungsten lamps arranged around the inside. There should be
some means of switching the number of lamps to accommodate negatives
of different density. Some form of kit or holder should be used to

hold the different sizes of plates. Most of the standard boxes on the
market are arranged with sliding curtains, so that practically all sizes of
plates can be used with the one box. Mercury vapor lamps are also used
for illumination on large boxes.
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Wheatstone Stereoscope consists of two of these boxes arranged
to face each other. In the exact center between them is placed a frame
holding two mirrors at an angle of 90 degrees. When two plates are
taken stereoscopically and placed one in each box, the effect when they
are viewed through the mirrors will be as though the operator could see
directly through the part radiographed, provided the plates occupied ex-

actly the same position during exposures, and the patient did not move
between the exposures.

Overhead. Lines. Where there is much work, if an arrangement of

three overhead wires about a foot apart and thoroughly insulated from
the wall at either end, is installed, the cord-reels can be hung from the
overhead wires, leaving the entire space free for the operator to move
around the radio table, and allowing the table to be placed at consider-
able distance from the switchboard or apparatus. In this way, if a lead
glass protection bowl is used around the tube, no lead protection screen
will be required by the operator, under ordinary conditions. So far as

possible the tube should always be placed so that the active hemisphere
will be turned away from the operator.

Penetrameters. Fog caused by the light leaking into the dark room
or by too much carbonate in the developer is sometimes mistaken for
the effect given by a high tube. For this reason it is well for those who
are not positive as to the penetration of their tube to use a penetra-
meter to determine if it is really tube trouble. These are of various
forms, the most common ones being of the Benoist type which consists

of a number of thicknesses of aluminum with a silver standard to com-
pare them by. This type can be laid on a plate and will indicate the
penetration of the tube as at the time the exposure is made.

The proper vacuum to use for general soft tissue or extremity
work would be shown by No. 5, counting from No. 1 as the darkest,
matching with the shade left by the silver. For heavy body work or

where bone detail is desired, No. 6 penetration is advised. On very dense
structures, such as radiographs of frontal sinus in anterior posterior posi-

tion, or other heavy work, No. 7 is advised instead. With high penetra-

tion, however, the exposure should be short in order not to get a hazy
effect on the plate.

The Benoist Penetrameter is sometimes used, also, in connection
with a fluoroscopic screen, but this is not advised as it is necessary to be
exposed to the direct ray for some time in determining which of the
shades matches with the standard.

One form of penetrameter of this type has a mirror mounted be-

hind it whereby the reading may be seen from a point outside of the
direct rays from the tube.

The other standard type is the Walter penetrameter, consisting of

a number of thicknesses of metal, each step being practically twice the
thickness of the one before it.

The reading of this type is made by counting the number of spots

which show on a small piece of fluoroscope screen placed behind the
sheet lead disc in which holes are drilled to hold the various thicknesses
of metal which are used as standard.
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As only a very quick flash is required to read the penetration
with this type of penetrameter, it is advised in preference to the other

type when readings are to be taken before the radiograph is made.

Comparative Table of Penetrameters.

Benoist 2 2% 3 4 5 6 7 8

Benoist-Walter 1 2 3 4 4% 5 5% 6

"Walter 2-3 3-4 4-5 5-6 6 6-7 7 7-8

Wehnelt 1.8 3.3 4.9 6.5 7.2 8. 8.8 9.6

Plate markers are of value as they make permanent records possi-

ble, act as ethical advertising and are of especial value in medico-legal
cases. One consists of a number of lead discs with numerals punched in

same which can be rotated past openings in the metal plate which sup-

ports them. This numbers the plate as well as marks it with the name
of the hospital or radiographer. Small lead figures and letters are
also used, as they can be fastened with adhesive tape to the patient or

the plate holder.

A sliding frame on the wall, which can be adjusted for different

heights, will be found convenient for holding the plates or cassettes when
doing abdominal or chest work in the vertical position.

WIRING
It can be taken as a set rule that the larger the size of the line

wire which conveys the current from the generating station to the trans-

forming apparatus, the finer and better work can be done. This does not
mean, necessarily, that the milliamperage will be any higher, for the

tubes will look practically the same whether the outfit is operated on No.
6 or No. 00 wire. The results on the plate, however, are entirely differ-

ent, due probably to the delivery of the energy at full voltage to the

primary and the lack of choke in the connection lines.

In installing an X-Bay apparatus be particular that the electrician

disregards absolutely the standard wiring table for lighting or power
work and insist on having the line wire with carrying capacity at least

two to four times as large as your machine rating requires, connected
direct onto a large source of supply. The extra expense will be well re-

paid in results obtained from the apparatus.
Where induction coils are operated on a 110 volt alternating cur-

rent supply, the energy can be greatly increased if a step-up transformer
is installed to raise the voltage from 110 to a higher voltage, which will

still allow about 110 volts at the primary after the drop of voltage in

the rectifier and the interrupter solution is deducted. Where 220 volts

can be secured a step-down transformer with a range of from 125 to 180

volts will give good results, especially on the small supply wire, as the

number of amperes at 220 volts will be only one-half those required at

110 volts for the same output from the apparatus.
With interrupterless outfits 220 or 500 volts direct current give

fine results. With alternating current apparatus the voltage should not
be over 220, as it is impossible to build small synchronous motors for

driving the commutating apparatus for high voltages.
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Where the alternating current source of supply is over 250 volts,

a step-down transformer should be used for supplying lower voltage
current to the synchronous motor.

PLATES
Paragon Plates, which were brought out on the market in May, 1913,

differ greatly from other plates. They were not an outgrowth from the
photographic plate business, but were designed particularly for X-Ray
work; consequently, no hard and fast rules applying to photographic
plates were considered. The factory was absolutely new in every respect
and is the most modern and best equipped one in the country, having an
enormous capacity. It is equipped with special machinery designed to

secure perfection in the coating of the emulsion and handling of the
plates throughout the entire process.

While it is possible to make a cheaper plate, we would rather have
the reputation of making the best plate than the cheapest one. Quality
should always come first with the radiographer, and the first question
asked should be: "How good is the plate?", not "How much is the dis-

countV
The regular plate differs from practically all others, for while it

is unequalled for speed, density and detail with X-Ray, yet to daylight
it is a relatively slow plate, thus being safer to handle in the dark
room than many of the very highly sensitive plates now on the market.

Many radiographers who are not equipped with large apparatus
have become accustomed to using an intensifying screen to cut down the
length of exposure required, especially when doing abdominal work. With
the transformers screens are not absolutely necessary except on heart
work, but owing to a constant demand we brought out the Paragon X-
Ray Screen Plate. These are especially made for short exposures with
an intensifying screen. The emulsion differs from that on the regular
plate in being particularly active to the bluish rays which the ordinary
intensifying screen gives. They permit the shortest possible exposures
and although they will be found superior to most of the other X-Ray
plates on the market when they are used without intensifying screens,

we advise the use of the regular plate for the latter work.

PLATE STORAGE
The plate stock should be kept in a cool, dry place, with the boxes

on edge. Do not expect to put the plates close to a radiator or to lay
them flat around steam pipes and have them keep, for you are certain to

have defective plates in that case. Plates which are kept on edge in a
cool, dry place should keep for one year without any difficulty.

An ordinary wall is no protection to the plates when the tube is

being operated, as plates can be fogged by X-Ray through several walls.

Plates should not be stored in the vicinity of new paint, as the
vapor of turpentine, oil or gas, has an injurious effect on the plates.

Dampness is equally as bad for plates as heat. Do not keep them
in a room where gas is burning. If it is necessary to do this, a wrapping
of tin or lead foil is advised to prevent deterioration.
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The plates as you receive them are packed 12 or 6 in a box. It

is advisable to order a sufficient number of envelopes when ordering
plates to always have envelopes for each one.

It is not advisable to load plates into envelopes in large quantities
unless they are to be used soon after. If possible, the plates should be
loaded in the envelopes not more than two days before it is expected
that they will be used, as the paper has a tendency to fog the plate.

DARK ROOM
The room used as a dark room should be located in such a place

that it will have good ventilation and, if possible, the entrance should
be arranged so that the operator may pass in and out of the dark room
while development is going on without fogging the plates.

A winding passage which will not allow light to enter, but which
will give good ventilation is advisable, and an electric fan should be
placed where it will keep the air in constant circulation. It must be an
absolutely dark room except for the ruby light and must have no holes,

cracks or curtains through which even the faintest trace of light can
enter.

If the light can come in even to the slightest extent, it will fog
the plate where it falls on it. Some operators make the mistake of dark-
ening a closet with heavy curtains and then wonder why they do not
get a good result when the light leaks through all the small openings
in the mesh.

Running water should be had, if possible, and if there are both hot
and cold water faucets above the sink, the warm water faucet should
be tied shut or a small cork placed in it.

Many a beginner has ruined his plates by accidentally turning
hot water on them, or accidentally opening the faucet while rinsing the
plate under the cold water faucet, allowing two or three drops of the
hot water to get on the plate, melting the film at that point.

A form of tank adapted for developing, fixing and washing was
devised by Dr. David R. Bowen, of Philadelphia, some years ago, which
has proved very satisfactory to many radiographers.

Many of the doctors prefer to do their developing in tanks, as

many plates may be developed at one time, thereby effecting a great

saving of time over the tray method, and the developer can be kept at a
uniform temperature. This method is very satisfactory, provided the
developer is run off when it reaches the point where good results are

not obtained.
Unless the temperature is practically constant, it is advisable that

the tank should be placed in such a way that either hot or cold water or

ice may be put on the other side of a partition in the container, so as

to maintain constant temperature.

EQUIPMENT
For hospitals, or those doing a wide range of work where a tank

is not used, it is advisable that there should be at least four trays made
of enameled steel, as they give very good service and do not break
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readily. The sizes advised would be one 8x10, one 10x12, and two 14x17.
This allows the radiographer to develop plates of any size and one of
the 14x17 's will be found handy even though the operator never uses
any plates this size, as the Acid Hypo solution can be poured into same,
allowing two 8x10 plates to be fixed at one time, saving considerable
time in this way.

The trays should be kept absolutely clean and should be rinsed
thoroughly before using them. Always use the same tray for developer.
Do not use a Hypo tray for developing.

For radiographers doing much work, stationary fixing boxes made
of alberene or metal should be installed together with washing tanks.

There should be a table or shelf for loading plates with racks under-
neath to hold trays and a rack above to hold the various sizes of X-
Ray envelopes and space for 8-oz. and 32-oz. graduates and a 4-oz. glass

funnel. There should also be glass-stopper bottles for the developer solu-

tions, for stock solutions and one for used developer. Unless a fixing

box is used, a 5-gallon bottle such as is used for distilled water, is recom-
mended for keeping the Acid Hypo solution or a 1-gallon bottle for those
who do not have much work or where space is limited. There should
also be a drying rack.

LOADING PLATES
It will be found very convenient, saving considerable time and

trouble, if the envelopes are arranged before the light is turned off.

They should be alternated, first an orange and then a black envelope
with the flap ends all turned the same way. In this way there can be no
question as to which envelope is picked up in the dark, nor any delays

caused by putting the plate first into an orange envelope, which, of

course, will not fit into a black one.

By passing the ball of the thumb lightly over the corner of the
plate the film side can be selected, in the dark, it having a fine matte
surface in contrast to the clear glass side of plate. Care should be
taken in this as the glass will cut off considerable ray if plate is loaded
into envelope wrong and image will appear reversed.

Turn the flap of the black envelope clear back and hold the en-

velope with the thumb inside and fingers against the flap. This pre-

vents the flap rubbing the film surface, which would cause a slight

static sparking and the plate to have a brush-like scratch or spot where
the sparking occurred. This is more likely to occur in cold weather, and
can be absolutely prevented by not rubbing the film with the envelope
when putting the plate in or when taking it out.

The baek or glass side of the plate should be turned toward the

side of the envelope where the paper joins and one corner of the plate

set just on the edge of the opening.

With a slight rocking motion of the plate, which is held with
the thumb pressing at the corner of one end on the film side and the

fleshy part of the hand against the back of the plate, the plate can then
be slipped into the black envelope while springing the flat side or flap
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with the thumb and fingers of the other hand so that it does not rub
the film of the plate.

Turn over the flap of the black envelope and slip it flap end first

Into the orange envelope in the same manner, leaving the seam side of
the black and orange envelopes turned the same way.

If this is made a rule, you will always know that the film side of

the plate is turned toward the smooth side of both envelopes and will

never have trouble from taking the radiograph through the glass acci-

dentally, if the printed side of the orange envelope is always turned away
from the patient.

Another advantage is that if there are any metal particles in

the mucilage of either envelope, or if the tube happens to be particularly

low, the four thicknesses of paper at the seam or the metal particle will

not show in the finished radiograph.
As the plates are affected by the X-R-ay, even when contained in

light-proof envelopes, X-Eay plates should always be kept either in a
lead-lined box or in another room a considerable distance from the ap-

paratus.

TECHNIQUE
In using the various makes of portable coils for radiographic

work, it is important that the tube be connected up properly. Some
portables are made with the double Tesla coil, in which case it is not
important which of the two connection terminals are connected to either

pole of the apparatus. On other makes, however, only a single Tesla
coil is used, and it is important in this case that the cathode of the X-
Ray tube should be connected to the main or live terminal of the Tesla.

In doing radiographic work with an induction coil, the terminals
of the apparatus should be set at 6 inches apart, and the tube lowered
until it will take the current at this point rather than flame across be-

tween the terminals. About half of the energy should be used when
making this test, and the terminals may then be set a little farther

apart, depending on the power of the apparatus, before making the ex-

posure.
The tube is then about right for spine, hip or general work. Foi

extremities or soft tissue it should back up about 5^ inches; for head
work it should back up about 7 inches. The back up spark is often
taken as the measurement of penetration of the tube, each inch of spark
length corresponding closely to one point on the Benoist penetrameter on
ordinary tubes.

No. 5 penetration is best suited for work on all extremities up
to knee or thin shoulder, or for kidney and soft tissue work on patients

up to 150 lbs., where fastest speed is not important. Terminals 6 inches

apart during exposure, to prevent the current jumping.
No. 6 penetration for hip, spine or bone work, also for knee or

shoulder, where quicker results are required than with No. 5. Suitable

also for lungs, provided exposure is not too long. Terminals 7 inches

apart during exposure.
No. 7 penetration for frontal sinus in anterior posterior position,
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terminals 7% to 8 inches apart during exposure. Be sure to remove
the third terminal connection before making the exposure, in order
that the tubes may not reduce accidentally.

By noting the reading of the milliampere meter with a certain
setting of the rheostat, the tubes can generally be worked at the same
vacuum, and very uniform results will be obtained.

When the proper working vacuum for a tube is found, the time
of exposure should be changed for different thicknesses of parts rather
than the vacuum of the tube itself.

The time of exposure will vary with the distance of the anode from
the plate, the thickness of the part, the penetration of the ray, and
the milliamperage of current through the tube, as well as the trans-

parency of the part to the X-Eay. The same thickness of tissue on all

patients does not pass the same quantity of ray. Some patients will be
found very hard to radiograph, even though the exposure and other
conditions are correct. Eadiography is shadow work, and you cannot
get a good outline of a part unless it differs in density from surround-
ing parts.

For most of the light work, medium vacuum tubes are the best, or

one backing up a spark of about 4% to 5 inches. For kidney or hip
work on ordinary patients a tube backing up from 5 to 6 inches should
be used. For very heavy patients and for frontal sinus work, also

where very rapid exposures must be made, high tubes will give best
results.

It is a safe rule on any apparatus to set the terminals about 8

inches apart, as this will prevent the tubes from operating when too
high voltage is used, which would give rays of too high penetration.
This would act like a safety valve, the spark backing up across the
terminals, unless the tube were reduced sufficiently to take the current
at the proper voltage and prevent the penetration becoming too high.

For babies or very young children a soft tube with comparatively
fast exposures will generally give best results. Among aged patients
it will be somewhat hard to show fine bone detail, owing to the bone
and soft tissue sometimes passing almost equal quantity of ray. This
will have to be taken into consideration in the technique of the opera-

tor. The time of exposure should be made as short as practicable.

Long exposures tend to cause an effect in some plates whereby they will

not develop out good, due to chemical changes in the silver salt.

The best X-Eays are those proceeding from the center of the
target at a right angle to the center line of the cathode stream, or

at 45 degrees from the face of the target; consequently it is best to place

the tube in a horizontal position, with the focal point on the anode di-

rectly over the center of the part to be radiographed. The plate should
be placed to center directly under the tube in order that the image may
be in the center, and the full part desired will then appear on the plate.

The distance of the anode from the plate should range from 12 to 27

inches, according to the size of the part and of the plate, and, also,

according to the vacuum of the tube used. As the intensity of the rays
varies inversely with the square of the distance between the tube and
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the plate, the tube should not be too far away; otherwise the exposure
would have to be lengthened considerably. On the other hand, it must
not be too close or the image will appear much larger and distorted.

For most of the work the tube can be set at a distance from 16
to 20 inches from the plate, although when a diaphragm apparatus is

used with large-sized plates the tube will generally have to be back
from 24 to 27 inches, in order that the full plate may be exposed; other-

wise the circle of the diaphragm will cut across the corners.

It is desirable to have the patient's clothing removed from the
part to be radiographed, as it is easier to place the plate and tube cor-

rectly. Buttons or other objects may cause shadows which will interfere
greatly with the diagnosis on heavy body work, especially when soft

tubes are used. As the slightest movement of a patient will blur the
detail in the finished radiograph, it is important that the patient be made
as comfortable as possible. On fractures sandbags will often be a help
in keeping the part still, while on spine or kidney work a compression
diaphragm will clamp the patient down almost immovable on the plate.

It has a further advantage in compressing the parts, reducing the thick-

ness to a minimum, and allowing shorter exposures with less secondary
radiation from the body of the patient. The part to be radiographed
should be as near the plate as possible. For instance, exposure for kidney
should be made with the patient lying on the back, while for gall stones
the exposure should be made with the patient lying on the abdomen.

Never use your hand to test the tube, as this is sure to leave a
bad effect in time. If a little care is used, no danger of burns need be
feared by the operator. Most of the bad burns we hear of happened
years ago, due to lack of knowledge about X-Ray effects.

In order to tell which way to connect the tube, note the appear-
ance of the spark at the terminals. Practically all coils and some trans-

formers have a point and disc at the terminals. When the point is posi-

tive the sparks will pass to the flat side of the disc, but when the point
is negative the sparks will come from the edge of the disc. This applies

to a shower of sparks only and not to a flaming discharge, as the heat
rising will hold the flame to the upper edge of the disc.

If transformers are used, it is often advisable to start the motor
before arranging the patient, in order that he may not become frightened.
If nervous or uneasy he is likely to move when the tube lights up, spoil-

ing the plate.

Before placing the plate the tube should be tested on a standard
setting, selected by the radiographer from experience, in order to see if

it is of the proper vacuum. On some transformers the first button of
the rheostat is used, with weakest inductance; on others about the 12th
button of the rheostat. With coils about one-half to two-thirds of the
rheostat should be turned out. The easiest way to locate the testing
point of a transformer is to note the milliamperes in the tube, see if the
plate shows fine detail and contrast after development; then adjust
the tube again to take the same current and note the reading when the
inductance and rheostat are set at the weak point. Afterwards adjust
the tube to the same reading at that point before using the strong cur-

rent when exposing. A few trials will show what reading is required by
that tube for best results, provided exposures are timed properly. Do not
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expect every tube to do its best work with a current suitable for some
one tube. Each tube may have its own reading for best work.

For the beginner, particularly, we recommend fairly low induct-
ances and not too short exposures. Do not be a " speed maniac." Learn
how to be a fine radiographer first. Then speed up if you must. Have
some consideration for new tubes. They are untrained, and may not
perform right unless treated a little gently. There should be at least

two tubes, preferably three, with every transformer, and with care they
will last a year, even where a great deal of work is done. Season
them by exposures of 5 seconds on transformer work or 10 to 12 on coil

work. Tt will be time well spent.

With portable coils, if long exposures are required, break them
up into periods of 10 and 15 seconds each. The tube will stand up
better and give uniform penetration.

The easiest parts to radiograph are hands, elbows, lateral ankles
and feet.

For the thinner parts no special technique will be required, as

the exposure can be approximated from the exposure tables given on
pages 38 to 40. For the heavy work a few practical hints may be of

interest.

KIDNEY
For kidneys the tube should be centered slightly to one side of

the spine and should show the lower rib. For ureters the tube should
center to one side of navel, but level with same.

Use the compression diaphragm, clamping the patient down as

tightly as possible. Medium tubes work best, as a high tube will pene-
trate the kidney and blot out the shadow of any stones which are not
very dense, unless very short exposures are given. The part to be
radiographed should always be as close as possible to the plate in order
that the outlines may be sharp, allowing easier diagnosis.

For kidneys or lower part of spine the knees should be drawn up
slightly and supported with a pillow or sandbags.

If good, clear muscle details and spinal processes show, most
stones can be distinguished if present. Too long exposure or develop-
ment will blot them out, however.

For shoulder, raise the opposite side, placing a pillow or sandbag
so as to keep the patient in position.

URINARY TRACT
For the best results the patient should be prepared the day be-

fore, in order that the bowels may be empty, and unless there is reason
to suspect a stone in some particular location, the entire tract should be
radiographed. Either two large plates should be used for this, or five

8x10 plates, on the average patient, in connection with a compression
diaphragm. If both kidneys are radiographed at one time the tube
should be placed back at least 22 inches from the plate, and either a
very large cone used on the diaphragm or else no compression at all.

The tube should be centered directly over the spine in this case. As a
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general thing, the compression over each kidney gives the best results,

using separate plates. A medium tube with fairly long exposure (about
5 seconds with transformer) gives best results. If the penetration is

about right the psoas muscle should show distinctly on the plate. With
this vacuum the entire kidney outline can then be discerned, and if there
is a stone there of ordinary density, it will generally show. The
head and shoulders should be elevated slightly in order that the part
shall lie as close to the plate as possible. On collargol or other injec-

tions, either a medium high tube with short exposure should be used with
screen, or a medium tube without screen.

Do not mistake phleboliths for bladder stones. It is embarrassing,
but it often happens.

CHEST
For bone detail use a high tube with a medium exposure. For

soft tissue or lungs use either a high tube with very short exposure,
or a medium tube with fairly long exposure. For chest work it is

best to train the patient slightly, in order that there may be no breath-
ing during the exposure. This is done by instructing the patient to

breathe out until the lungs are practically empty, then take a deep
breath, out again, and in again, a few times, at the word of command.
Then instruct him to take a deep breath and make the exposure while
the patient is waiting for instructions to breathe out again. The ex-

posure given on the average patient with a transformer would be % to

iy2 seconds on the regular plate. If an intensifying screen is used, the
exposure can be made as fast as the switch will operate.

HEAD WORK
An angle of 25 degrees upward from the line drawn from the

opening of the ear to the bridge of the nose is used for frontal sinus

work in the anterior posterier view by most radiographers. Radiographic
tables are generally accompanied by a wooden pillow or wedge of this

angle. It is also useful for mastoid cell work, and in that case should
be raised about 3 inches from the table by a book or some other article.

When using the pillow the tube should point directly downwards. For
the frontal sinuses center the tube so that the rays pass directly through
the sinus, as in this way there will be less bone to penetrate. High
tubes should be used for this work, as this is practically the hardest
radiograph to take. The patient's forehead and nose should rest directly

on the plate, which should be placed on the slanting surface of the pillow.

Where only the sinuses are required, the balance of the details are

masked off by using a piece of ^4-inch sheet lead, which can be laid on
the plate after the exposure to protect the desired outline and the bal-

ance of the plate blackened by a very quick flash of the tube after the
patient has retired.

In masking off the plate, do not use full power of the apparatus,
but move the rheostat handle back about half-way; otherwise the sec-

ondary rays from the lead are liable to haze the plate. For lateral view
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of the sinuses, have the affected side next the plate, with patient on
the side.

The exposure should be only one-third as much as for the other
position.

HIP OR SPINE
In centering the tube hip, the usual method is to place the thumb

at the crest of the ileum, and the second finger on the greater
trochanter. If the forefinger is now triangled across as far as the
hand will reach, and the tube and plate centered at this point, the hip
will always show up well on the plate. A medium high tube should be
used and, if possible, a compression diaphragm. Fairly long exposures
give best results.

STOMACH
Most of the work should be done with the patient standing.

11x14 or 14x17 plates should be used, and with the latter size the plate
should be placed so that it projects 2 inches below the upper margin of
the trochanter, so that the entire stomach will appear centered on the
plate. Bismuth mixture used is generally either 2 ounces of

bismuth sub-carbonate or oxychloride stirred into 12 ounces of

buttermilk, or 2 ounces of bismuth sub-carbonate mixed with
2 ounces of powdered acacia, and mixed to a paste with a small amount
of water. This paste should then be dissolved in 12 to 16 ounces of
water. Be certain that the patient gets enough Bismuth into the stom-
ach, as a small quantity will not cast a sharp shadow. When the proper
amount of Bismuth is used and plates are properly exposed, there should
be almost clear glass in the stomach shadow of the finished plate. Five
ounces of barium sulphate is sometimes used instead of the bismuth. If

fluoroscopic work is being done with the same tube, the tube should
be lowered after the patient has been screened and before the exposure
is made; otherwise the best result cannot be expected. A tube which is

high enough in penetration to show through the stomach distinctly

with the light current used in fluoroscopic work, will be much too hign
in vacuum for best results when a heavy current is forced through,
owing to the increased voltage required to drive through the heavier
milliamperage. This increased voltage increases the penetration in exact
proportion. If it is not convenient to reduce the tube another tube
should be substituted, or an extremely short exposure made with the
heavy current in the fluoroscopic tube. A series of. radiographs is gen-
erally made in order to trace the course of the Bismuth through the
intestinal tract. The average stomach will empty itself in 6 hours and
the Bismuth will pass entirely through the tract in 24 hours. Occa-
sionally cases will be found where the Bismuth will linger as long as 72
hours. Such patients generally have chronic constipation, and the cause
may be found by studying the plate. A penny or washer should be
placed on the navel in order to locate the stomach, and determine if it

is in normal position. The plate should be examined closely for gall

stones, as these occasionally show in abdominal radiographs where they
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Radiograph showing bismuth meal and colon injection. Exposure % second

on Paragon Plate without intensifying screen.
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Radiograph showing appendolith and appendix, with bismuth in colon. Taken

in 34 second on Paragon Plate without intensifying screen.
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are entirely unsuspected. Stomach radiographs can be made of the
average patient on the regular Paragon Plate, the time of exposure
ranging from 1-5 to 1 second, depending on the apparatus used and the
size of the patient. Use a 6%" backup spark and from 70 to 150
milliamperes. Where faster work is required, or with a small ap-
paratus, the Paragon Screen Plate should be used. The exposure given
with the screen plate used with a good make of intensifying screen,
should be about one-twelfth of the exposure required on the regular
plate when used without screen. The regular plate can also be used
with screen, and the exposure given in this case should be about one-
fourth that given on the plate when used alone. When using the in-

tensifying screen, either medium soft tubes should be used with almost
full power of the apparatus, or a very short exposure with the tube at

the vacuum used on ordinary work. Over-exposure is liable to cause a
graining of the plate. Long development gives best results on screen
work.

GALL STONES
These are very hard to radiograph on most patients and impossible

on some. The best method is to place the patient on the abdomen with
the body slightly rotated to the right; the tube is then focused as near as

possible for the best rays to pass between the psoas muscle and the
edge of the liver. By using a diaphragm to cut down the secondary ray
and giving a comparatively long exposure with a soft tube, or short

exposure if an intensifying screen is used, the stones can frequently be
shown distinctly. By using a reducing lens at a distance of about four
feet from the plate, which is well lighted, stones can frequently be
traced which do not show on the full sized plate when closely ex-

amined. Formerly two per cent, was considered a fair average for gall

stones diagnosed by the X-Ray. At present the average is very much
greater.

STEREOSCOPIC RADIOGRAPHY
Stereoscopic Radiography is growing in favor constantly, espe-

cially with advanced workers, as more accurate diagnosis is possible

than with single plates. The method is the radiography of the one part
from two different points, about 2% inches apart, without the patient
moving while plates are being changed and the tube shifted.

Many of the best tables and tube stands now have automatic
shifting apparatus built in as a regular thing. The tube should move
parallel with the plates and the plates be in exactly the same position,

or they will not steroscope properly.

PROTECTION OF PLATES
When the X-Ray machine is in operation, all plates that are not

being exposed on the patient must be protected by metal, preferably
lead. On portable coils lead 1-32 inch thick will generally be sufficient if

kept at a considerable distance. On a large and powerful outfit not less

than 1-8 inch sheet lead should be depended upon for absolute protec-
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tion. On induction coils generally 1-16 inch lead is sufficient if kept
at least 6 feet distant.

Tubes operated by the transformers sometimes give off rays
which will penetrate sufficiently to fog the plates through 1-16 inch lead,

and if the ordinary lead-lined box is used it should be kept behind the
protective screen, behind which the operator stands.

EXPOSURE
It will be impossible to give hard and fast rules of operation and

time of exposure on any make or size of machine. Conditions vary
greatly on every apparatus from day to day and the time of exposure on
your neighbor's machine of the same size and make may be absolutely
different from that required by your own.

We give approximate table of exposures based on results ob-
tained with Paragon Plates by many radiographers. Should more exact
information be desired, the manufacturers of your apparatus would be
glad to furnish same or our service department will help you out as far
as possible.

The exposure tables are not intended to favor any manufacturer.
The setting of the different makes of machines varies greatly ac-

cording to the work to be done. We give on the following pages some
idea of the operation of the various machines for those who may not
have had personal instruction when the machine was installed.

PORTABLE COILS
On practically all portable coils the regulator wire should be

set at 3 inches from the nearest point from which the sparks can pass
to it. This makes the tube practically self-regulating for proper vacuum
with the apparatus.

The Victor portable should have the live pole or the one with
the large round disc connected to the cathode of the tube, the inactive
pole connected to the assistant anode. No spiral spring on the tube.

Use the low frequency setting with controller to the side marked
11 strong' ' after having adjusted the tube to give a clear hemisphere and
to back up about a 4% inch spark.

On alternating current the spark gap should be open about 1-32

inch. On direct current portables, the vibrator should be adjusted to

give rather slow interruptions, as the tube will give better ray in this

case. Use high frequency X-Ray tube.
Scheidel-Western. This is a double Tesla portable, and the tube

can be connected either way. The one preferred is to have the tube
turned in such a way that the active hemisphere is pointed away from
the operator. The small switch at the back should be set to the side

marked "X-Ray," the tube should be tested out, with the controller

on the second button, until it gives a sharp, clear hemisphere. Use
the 5th or 6th button when making the exposure. Spark gap should
be open fairly wide in order to give a heavy discharge.

Where exposures of over 10 seconds are required it is advisable
to expose in intervals of 10 seconds with the same time between flashes,
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to prevent overheating the tube. The heat would cause the vacuum
and penetration to drop and failure to result.

The Vulcan coil is made in a number of forms, all of which will

be found to do good X-Bay work. Generally speaking, they should
be adjusted to give a very heavy discharge, using the lowest frequency
setting. Instructions as to setting will be furnished on request, if the
type of coil is mentioned.

On most types set the controller on No. 1 and adjust the spark
gap until a spark occasionally passes between the ball terminals. Then
insert the sliding rod and connect the tube, adjusting the vacuum of same
until it will not quite back up a 5 inch spark gap. Then remove the rod
and make the exposure by pressing the button the desired number of
seconds.

INDUCTION COILS
The Scheidel-Western coils are made in a number of types. The

old 12 inch coil with 3 switches on the front of the box should have
the center and left-hand ones left open and the right-hand switch turned
towards the center when using an electrolytic interrupter. On later coils

the first or second inductance buttons should be used. Those equipped
with Hutton switch should be used on the 2S or 2SP setting for general
work, as this gives less inverse in the tube and the voltage is about
right. Where very high penetration is required or heavier currents are
used, the 4P setting is advised.

Adjust the electrolytic interrupter to give 23 amperes with the
rheostat on the 15th button. Adjust the tube so it will not quite back
up a 6-inch spark gap at this point. The tube should then take from 6 to

8 milliamperes if there is not too much inverse and if the rectifier is in

good condition, if on alternating current. Move the rheostat to the 19th
or 20th button before making the exposure. Tube should take about 8

to 12 milliamperes under average conditions. The No. 38 platinum
gives best results as a rule.

If outfit is equipped with auto transformer, use the No. 2 or 3

setting, as higher settings are likely to break down the rectifier coat-

ing. Where a large feed wire is installed, voltage is high, and a good
valve tube used to prevent the inverse current up to 25 milliamperes
may be used and exposures shortened accordingly.

Victor Wantz coil. This is provided with a number of induct-
ances allowing variable voltage, according to the work to be done.
On general work the fourth or third inductance is to be preferred.

Most of the outfits are equipped with a multiple point interrupter,

the center one with lever control being of large size. Terminals should
be set at 6 inches and tube adjusted to take the current when rheostat
is about half-way down. If long points are used in the interrupter, the
outfit will give little inverse with very heavy current when the rheostat
is wide open. Open terminals to 8 inches before exposing.

Eectifier jars are of lead with round aluminum electrode. This
rectifier takes the alternating current at 220 volts better than those
with aluminum plate electrodes. Too many points in the interrupter
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should not be used unless line wires are very large, as they would
have to be adjusted very carefully, and the resulting high frequency
on the light currents is not desirable. Use from 10 to 20 milliamperes,
according to current conditions.

Kelley-Koett Coil. Practically the same technique as with the
Victor Wantz outfit.

There are several other makes of coils of various types, prac-
tically all of which are equipped with single point electrolytic inter-

rupter. On the average small coil the interrupter should be adjusted
to take about 15 to 20 amperes with the rheostat a little over half-way
around. At this setting it should give a good 10-inch flame. The tube
should then be connected on and adjusted until it will just about back
up a 6-inch spark.

See exposure tables.

TRANSFORMERS
These are of two types, open and closed core, and we will not

undertake to discuss the relative merits of each type. If proper tubes
are used, either will give fine results in the hands of the radiographer
who will study the machine which he is using.

There are a number of makes of transformers and we give the
working technique for some of the best-known ones. As a rule, high
vacuum tubes work best on the closed core, although the Wapler ma-
chine of this type takes a low vacuum tube such as is used with open
core machine of the Victor and Scheidel-Western Companies.

Waite and Bartlett Machine:

Test for tubes on 110 volt D. C. machine to back up 4^ inch
spark gap on 5th button with possibly 5 milliamperes. For stomach
work, rheostat can be wide open. Test for spark is best, regardless
of milliampere reading. For 220 volt D. C. machine test will be 20
milliamperes on the 10th button and expose for general work at this

setting. For intensifying screen, use about 40 milliamperes on 12th
button.

On 220 A. C. test for milliamperes on 1st button or 45 milli-

amperes on number 10. Where speed is not an object, use 20 milliamperes
on 10th button of D. C. machine. On A. C. machine, 6 to 8th button,
20 milliamperes. 6 to 8 seconds for anterior posterior heads or for
general body work on heavy patients; 4 seconds for lateral heads or light

parts. Eheostat should be used wide open on 110 D. C. machine only.

If operated in this way on other voltage machines, tube is likely

to puncture unless lowered greatly.

Victor Machine:

Test for tubes on 10th button of the rheostat, tube to take 25
to 20 milliamperes on A. C. machine or 14 to 20 on D. C. For general
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work, use 20th button of the rheostat with tube taking 50 to 60
milliamperes. For fastest screen work, rheostat can be used wide open,
provided tube is low enough to take the current. The 20th button is

recommended for screen work or 24th button for abdominal work with-
out screen on all supply voltages. Reduce tube to back up at Q~Vo" at the
full load and expose from % to 1 second, according to weight of patient.

16th button for lighter parts. On 2 K. W. machines use 30 milliamperes
with rheostat clear over.

Wappler Machine:

Test for tubes on first button of the first inductance, to take 1

milliampere for heavy parts or iy2 milliamperes for general work.

On 1 KW 4th inductance last button use 30 milliamperes

On 1 KW 4th inductance last button use 30 milliamperes.
2 " 3rd ll 13th il "35
4 " 3rd " 13th " " 40

7V2 " 3rd " 13th " "50 "

Tubes tested on first inductance first button to take 3% milliam-
peres will take about

—

80 to 90 milli. on 2 KW.
100 " 135 " "4
150 " 200 " " iy2 "

Use light currents and 2nd inductance for fine work where speed
is not an object.

For abdominal bismuth work use 4th inductance, rheostat turned
entirely out. With heavy feed wires and large line transformers abdomi-
nal and chest work is being done in *4 second without screen, with tube
tested to take 2 milliamperes.

Very important that machine be installed on large wire for best

results.

Snook Machine:

On direct current.

2 KW 3rd inductance 20th button 30 milliamperes
4 " 3rd " 17th " 35 "

10 " 4th " 13th " 40 "

On alternating current. Late type with synchronous motor.

2 KW 3rd inductance 18th button 30 milliamperes
4 " 3rd " 18th " 40 "

10 " 5th " 13th " 40 "

Use the 5th inductance when possible as tubes will give finer detail

and contrast. Turn rheostat to last button, on smaller machines. On
A. C. 10 K. W., fine abdominal work without screen is possible, with
rheostat handle on last button and 5th inductance used. High tube
technique commonly used with this make apparatus.
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Scheidel-Western Machine:

On average machine, 2nd inductance, rheostat wide open, tube
taking 40 milliamperes for general work. For kidney or soft tissue work,
tube taking about 45 milliamperes; for frontal sinus, 37 milliamperes.
Practically same technique for A. C. and D. C. machine. 3 to 4 seconds
for frontal sinus; 2 to 3 seconds for hip or spine. 3rd inductance not
advised unless tubes are greatly reduced in vacuum, and then rheostat
should never be wide open. On latest machine

—

6th inductance 25 to 30 milliamperes for extremities.

7th " 35 " 40 " " general work.
8th " 50 " 60 " " heavy or fast work.

On 2 K. W. machine use 30 milliamperes with rheostat clear over.

Kelley-Koett Machine:

Use low inductance with 220 volts. Test tube to take 6 milliam-

peres on first button of rheostat for frontal sinus or heavy work. Test to

7 milliamperes for hip or kidney, 9 milliamperes test for chest, extremities

or children.

Use about 40 milliamperes on 14th button of rheostat on medium
tubes, and about 2 seconds exposure for average hips. For chests about
60 milliamperes on soft tubes on 17th button. For abdominal work with-

out screens test tube to 9 milliamperes and rheostat clear over. Use high
inductance with 110 volts for fluoroscopic work.

For suggestions on operating technique with other makes of trans-

formers or later improvements on those mentioned, write us stating size

and make of machine.

Note.—On Scheidel-Western and Wappler transformers first or No.
1 inductance is lowest, on Snook No. 5 inductance is lowest. Waite &
Bartlett and the Victor transformers have only one inductance.

EXPOSURE IN SECONDS WITH PORTABLE COILS.

Knee or Hip or

Hand Foot Shoulder Spine Chest
Scheidel 3 6 12 25 23

Mcintosh No. 6 7 22 55 90 80

Victor No. 4 2 5 12 25 20

Fischer 2 5 10 20 20

Vulcan 2 5 10 20 20

Distance of anode from plate in inches.. 14 14 14 18 20

Owing to other makes of portables being of various types and
sizes, write us for exposure table suggested, giving the maker's name,
size and type of coil, with spark length between posts.

Use lowest frequency and adjust interrupter for heavy currents

on all makes of portables. Keep the interrupter points clean and smooth.
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PARAGON X-RAY POINTERS
« 'RULES TO REMEMBER"

If closely followed, they will enable any capable person to turn
out the finest radiographic work.

1. Adopt a standard formula which is known to be good and a
standard time of development, at a temperature between 65 and 68
degrees Fahr. Develop not more than 6 plates in one tray of solution.

Einse the plate thoroughly between the developer and Hypo solution.

Use an acid fixing bath that will clear the plates in not over 5 minutes.
This will standardize your dark room conditions, so that the plate will

be a fine one, provided your exposure technique is right. Stop the dark
room guess work. You may be able to correct wrong exposures by change
of development, but why have wrong exposures?

2. A tube of the proper vacuum will give an absolutely dense
black on Paragon Plates, where the body does not cover it. If you can
see your finger through the black part of plate after fixing, your tech-

nique is not best although possibly good.
3. If too high vacuum tubes are used, the black will not be dense,

although good bone detail will be secured if exposures are short enough.
Lack of contrast or flat plates, with thin blacks, are a sure indication
of too high vacuum tubes. Eeduce the vacuum or use lower voltage.

4. Too low tubes, will give a dense black where the body does
not cover the plate, with good soft tissue details, but the bones will

show clear and without detail. Use a higher tube, or a higher voltage
setting of the machine.

5. Too long exposure, when tubes are of proper vacuum, will

give extremely dense plates, when given the standard time of develop-
ment. On heavy cases, such as stomach, or spine work, over exposure
will cause the plate to be flat and to appear smoky, while on light work
the plate may be so dense you cannot see through it. Do not cut the
development time. Change your exposure instead.

6. Under exposure will give plates showing good detail and con-

trast but thin all over. Give 50% more time,on next case of that type,
under same conditions of machine setting and milliamperes.

7. Do not use the developer on too many plates. A certain quan-
tity may develop twenty plates, but if you compare them, you will see

a decided falling off in the quality, after about six are developed. It

is not economy to use a developer as long as it will act, if you value
fine work, as our B. D. formula is cheap to make up.

8. Use a strongly acid fixing bath, but not a saturated solution,

as the latter will not fix out the plates. When it will not fix fast,

change it.

9. Study the plate after it is fixed and washed. Decide how you
would improve it. Try to make the next plate a perfect one.

DEVELOPMENT
Pure chemicals, clean trays and absolutely safe red light in the

dark room, with no white light leaking in from the outside, are the
essential factors in producing the best radiographs. If the plate has had
sufficient exposure, the density of the negative increases as the time of
development is prolonged, up to the point where hazing or fogging takes
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DEVELOPMENT
place. When this stage is reached, further development only deadens
the image.

The length of development depends on the speed of the developer
used and on the time of exposure, temperature of the solution and of
the dark room, the vacuum of the tube used and the purity of the
chemicals.

The softer the tube used, providing it has penetration sufficient

to cut through the parts, the greater the chemical effect in the plate.

By using one of the various developers recommended for use with
the Paragon X-Ray plates, the best results will be obtained if pure chemi-
cals are used and the temperature is kept as recommended. Almost any
good developer will give good results with Paragon plates, provided it

does not contain an acid, which will act as a retarder and prevent the
plate from developing fully.

Remember that the Paragon Plates are the heaviest coated regu-
lar X-Ray plates made and that the development should be a little dif-

ferent from the average thinner-coated X-Ray plates. They will be
found to be dense to start with, owing to the thick coating and large
quantity of silver contained in the gelatine; consequently, should not
be developed only until the image shows distinctly as on a photographic
plate, but developed until they are practically the same shade on the
front and back, or until the ruby light will not show through them at

all. If these instructions are not followed out, you can expect to get
thin plates, and the instructions given on the red label on each plate box
should be carried in mind. In this way you will be positive of getting
good results, and failures in radiographic work will become a thing of

the past.

DARK ROOM TIPS
Remember that the best outfit made, proper exposure and time

required to pose the patient, as well as the expense of the tubes and
plate, can all be rendered worthless by lack of sufficient development.
When a doctor has had trouble with Paragon Plates we have generally
found this the cause.

The average photographer should never be given X-Ray plates

to develop without special instructions as to the way to do it and they
should be followed out. In developing photographic plates, a photog-
rapher is guided by the appearance of the plate when looked through
and will stop the development on the X-Ray plate when it reaches this

stage. The result is that they get poor radiographs, as a rule, and often
blame the machine or plates when the trouble lies entirely in the dark
room. Remember that you cannot see through a high-grade X-Ray plate

when fully developed, when held before the dark room red light.

How to Develop

Sufficient solution should be used to cover the entire bottom of the
tray at least % inch deep. With an 8x10 tray not less than ten ounces
of solution should be used. With a 14x17, at least twenty-four ounces
of solution.
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DARK ROOM TIPS

Do not be too economical with the developer, for solutions cost a
great deal less than plates.

On placing the plate into the tray, it should be rocked briskly
a few times from end to end and then from side to side in order to dis-

lodge any air bubbles which may form on the film and cause pin holes.

A tuft of wet absorbent cotton rubbed gently over the film at this stage
is an advantage.

For those who are unaccustomed to rocking trays, a help at first

will be to place a small stick about the size of a lead pencil under the
middle of the tray and rock the tray so that it touches first at one end
and then at the other.

This will cause the developer solution to flow entirely over the
plate, although it should be rocked sideways occasionally; otherwise
longitudinal streaks are likely to appear.

After the plate is thoroughly covered, if there is sufficient solu-

tion in the tray to cover it at least % inch deep, it is not necessary to

rock it unless desired, although the writer prefers to rock the tray
throughout the entire development.

We advise that you adopt time development as being the simplest
and best method of getting good work. With the No. 1 or B-D Formula
four minutes time will give full development on normal exposures with
medium tubes. Test the developer temperature as it should be 65 degrees
to 68 for finest chemical effect. A dark room timer with alarm bell will

assist by insuring proper development. Set it for 4 minutes.

Put the plate into the solution and rock the tray vigorously at

first, then with an even motion, for the full time, as given, without
removing the plate from the tray, preferably in darkness. When the
time is up give the plate a thorough rinsing in cold water to remove the
developer and place it into the hypo solution. Unless you have a covered
tray or fixing box, do not turn on the white light at once as the plate
film contains both silver and developer and may fog. After a few min-
utes the milky appearance will disappear from the back, after which the
plate can be examined before a white light, first rinsing it thoroughly
in cold water to remove the hypo solution. After examination the plate

should be put back into the hypo for about 5 minutes, then given a good
washing to remove the hypo from the gelatine film, otherwise it will

crystallize and spoil the radiograph in time.

If the developer is poured into the tray after the plate has been
placed in same, run the graduate along one side so as to send a wave
of the solution entirely across the length of the plate; otherwise a fast

developer, such as our Metol Hydroquinone formula, may leave a streak
unless thoroughly covered quickly.

Always rinse the hands thoroughly after dipping in developer or

hypo, as some developers have a poisonous effect on certain people, besides

staining, and a little hypo on the thumb or fingers will cause a patch of

fog on the plate. Hypo should never get on the plate under any con-

sideration, until after the development is entirely finished and the plate

rinsed off.
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It is not good policy to have the ruby light shining into the tray
throughout the entire course of the development; in fact, it is advisable
that the red light be only allowed to shine on the plate when the devel-

oper is poured on to see that it is properly covered and then the dish

kept shaded from direct light till development is nearly completed.
Remember that very few lights are safe. To test yours, take a

small plate, lay a bunch of keys on it directly under the light or at a
distance of about a foot for a couple of minutes, then develop the plate
in darkness with your regular developer for four or five minutes. If your
light is an unsafe one, the bunch of keys will show distinctly on the
plates.

We recommend a red bulb with a thickness of orange, red and
ground glass, and if the light is still very bright a thickness of the
orange paper from which the X-Ray envelopes are made.

A good electric dark room light sells for $2.50.

Have no shelves you do not absolutely need. They accumulate
rubbish and dust. Do not mix developer chemicals in the dark room.
The dust from same is often the cause of slight defects in the plate.

FORMULAE
The following formulae are good ones and are being used by many

radiographers throughout the country:
Temperatures should range from 65 degrees to 68 degrees Fahr.

Warm developer is liable to cause chemical fog, or to give unsatisfactory
plates, due to too fast development.

No. 1—The B-D Formula.

Solution A.
Water, 1 gallon.

Metol, y4 oz.

Hydroquinone, 4 ozs.

Sodium Sulphite (dry), 7V2 ozs.

Solution B.
Water, 1 gallon.

Sodium Sulphite (dry), 7Va ozs -

Sodium Carbonate (dry), 10 ozs.

Potassium Carbonate, 5 ozs.

Potassium Bromide, % oz.

Use equal parts A and B.

This formula requires four minutes' development on normal expo-
sures, giving fine detail and contrast. For practically all work it can
be depended upon for uniform results.

No. 2—Dr. Willey's Formula.

This developer, which is used by many radiographers throughout
the country, gives good results in six to ten minutes' time. The Edinol
is sometimes decomposed when purchased and should be of a bright yel-

low color when fresh. This developer is excellent for clear, sparkling
pictures.
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FORMULAE

Solution A.

Boiling distilled water, 32 ozs.

Sodium Sulphite (dry), 6 ozs.

Edinol, 5 drams.
Hydroquinone, 1 oz.

Potassium Bromide, 6 drams.

Solution B.
Water, 32 ozs.

Potassium Carbonate, 8 ozs.

Use one ounce of Solution A, one ounce of Solution B and two
ounces of water. Develop 6 to 9 minutes.

Some doctors prefer a slight change in this, using y2 -oz. Edinol
and 1%-ozs. Hydroquinone in Solution A, instead of the quantities given
and 7 ozs. Sodium Carbonate instead of the 8 ozs. Potassium Carbonate
in Solution B. This gives more contrast without sacrificing speed.

No. 3—Metol-Hydroquinone.

A powerful formula used on general work.
Water, 20 ozs.

Metol, 20 grs.

Hydroquinine, 80 grs.

Sodium Sulphite (dry), 1 oz.

Sodium Carbonate (dry), 1 oz.

Potassium Bromide, 20 grs.

Develop four to five minutes.

No. 4—Glycin Hydroquinone.

Solution A.
Water, 64 ozs.

G-lycin, 1 oz.

Hydroquinone, 3 ozs.

Sodium Sulphite (dry), 6 ozs.

Potassium Bromide, y4 oz.

Solution B.

Water, 64 ozs.

Potassium Carbonate, 8 ozs.

Mix equal parts A and B.

Developers should be mixed preferably with distilled water, but
if it is not possible to secure this use either boiled or rain water. Hard
water should be looked on with suspicion, as the chemicals contained in

it are liable to cause poor results on the plates.

As an X-Ray negative only shows shadows, it need not be devel-

oped for color effect or for printing. The more contrast obtained the
easier it will be to diagnose the case.

RINSING
It is advisable to rinse the plate thoroughly before placing in the

fixing bath. Heavily coated plates carry over considerable alkali from
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the developer, which neutralizes the acid in the hypo and stains may
result from this.

FIXING
The action of the Hyposulphite bath is not thoroughly understood

by many. It converts the unaffected silver bromide into a water-soluble
salt which is then dissolved out of the film.

A plate should only be considered about half fixed when the milky
appearance disappears from the back.

If the plate is taken nut of the hypo solution at that time, and is

then slightly rinsed and dried, you can look for stains later, as the sil-

ver is still on the plate.

Do not strengthen an old weak hypo bath. Throw it away and
make a new one. It may fix but it is sure to spoil plates sooner or later.

IMPORTANT
Stained plates are usually due to one or more of the following

causes:
Too warm developer.
Too long development of under exposed plates (due to too low

penetration, short back up spark) accompanied by too long development.
Exhausted hypo bath.
Examining by a bright light before fixation is complete.
Lack of acidity of the hypo bath.

HYPO IS CHEAPER THAN SPOILED PLATES. USE PLENTY
AND RENEW OFTEN. WASH AS USUAL WITH ALL PLATES.

The fixing bath must be fresh and clean to give good results. Any
of the following formulae may be used:

No. 1.

Solution A.
Water, 120 ozs.

Hypo, 4 lbs.

Solution B.
Water, 60 ozs.

Chrome Alum, 4 ozs.

Sodium Sulphite (dry), 8 ozs.

Solution C.

Water, 20 ozs.

Sulphuric Acid, y2 oz.

Add C to B and the mixed solutions to A—to get maximum effi-

ciency; see that solutions C and B are cold before mixing together.

No. 2

Solution A.
Water, 3 quarts.
Hypo, 2V2 lbs.

Dissolve thoroughly.
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RINSING AND FIXING
Solution B.

Water, 32 ozs.

Chrome Alum, 2 ozs.

Potassium Metabisulphite, 2 ozs.

Dissolve Alum first, then Metabisulphite, and add B to A, stirring
rapidly.

This bath may cause stained plates if not kept acid.

No. 3.

Hyposulphite of Soda, 16 ozs.

Water 64 ozs.

Add the following Acid Hardener:
Water, 5 ozs.

Sulphite of Soda (dry), y2 oz.

Commercial Acetic Acid, (containing 25 per cent pure acid), 3 ozs.

Powdered Alum, 1 oz.

The Metabisulphite fixing bath Formula No. 2 is a good one, giv-
ing a very tough film which stands comparatively warm washing waters,
but tends to give a slight yellow tinge to the negative. It will not be
noticed in general work unless a plate is set up alongside of another
one fixed in a different bath.

The No. 1 fixing bath formula is the most generally useful. The
longer plates are left in this solution, the harder they become.

Do not remove plates from Hypo until all "milkiness" is gone
from the back—they are best left at least five minutes longer.

WASHING
After fixing, rinse plate thoroughly, sponge carefully with a tuft

of absorbent cotton, wash in running water for 10 minutes and sponge
again. This is important.

The plates should be washed at least 20 minutes after thorough
fixing if an acid hypo is used, and if convenient 40 minutes' washing
is even better to insure the hypo being thoroughly eliminated, during
cold weather. In summer do not wash too long as it swells the emulsion
and tends to give a grainy effect to the plate.

An acid hypo is advised by all means, owing to the freedom from
yellow fog, and the hardening of the gelatine due to the alum will prevent
any trouble from warm water and also help to prevent scratching should
the plate be handled roughly.

DRYING
Too much care cannot be taken in the drying of the negative, for

often a good plate is spoiled by careless drying. They are best dried

in a moderately warm room, the temperature of which should not vary
much. There should be good ventilation.
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The plates should cot be placed too closely together, as they are
liable to dry very slowly, which may leave drying marks of different

densities. They should never be dried in sunlight, as it may melt the
film or increase the density.

If the negative dries partly and then is removed to a different

room where the temperature varies greatly, the plate will be of a dif-

ferent density in the part which dries last.

In cold weather, do not leave the plates in a room where there is

moisture that is likely to freeze, as it will cause mottling.
If necessary to dry the plate quickly, it can be done by placing

the plate for a few minutes in a tray and covering it with alcohol, after
which it will dry very rapidly.

In this case, it must be washed thoroughly to get rid of the hypo
in the film before treatment; otherwise a white deposit is likely to form
which it will be impossible to remove later. The plates can also be
hardened and dried quickly by placing in a weak formalin solution for

a short time. Use a 5% solution for 5 minutes' time.

AFTER-MANIPULATION INTENSIFYING
Where plates are thin, due to under development or too weak

developer, they can be intensified with good results.

Wash thoroughly to remove every trace of hypo, then place in

Solution A until thoroughly bleached. Binse well and blacken by plac-

ing in Solution B until cleared. The first two rinse waters should con-
tain a little hydrochloric acid. Then wash thoroughly before drying.
If not dark enough, repeat the operation until the required density is

obtained.

INTENSIFYING AND REDUCING
Solution A.

Water, 16 ozs.

Bichloride of Mercury, 120 grs.

Potassium Bromide, 120 grs.

Solution B.

Water, 16 ozs.

Sodium Sulphite (dry), 2 ozs.

REDUCING DENSE FLAT NEGATIVES
Place plate in Solution No. 2 sufficient to cover it, then add a

small quantity of No. 1, and watch it carefully. If it reduces too slowly,

add more of No. 1. If only too dense in places, apply the solution care-

fully with a brush or tuft of cotton.

Wash in running water at least a half hour after reducing.

Solution No. 1.

Water, 16 ozs.

Potassium Ferricyanide, 1 oz.
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Solution No. 2.

Water, 16 ozs.

Hypo, 1 oz.

Lantern slides or reductions can be made from radiographs with
any good focusing camera. Place the radiograph upside down in the
illuminating box, using a bright flood of light behind it, preferably from
tungsten lamps. Focus the image sharp on the ground glass of the cam-
era, and then expose the lantern slide or plate which is held in a kit

in an ordinary plate holder, as though taking a portrait or view.
We recommend Defender "B" slides for this work with the fol-

lowing formula:

Hydroquinone (Two Solutions)

Solution No. 1.

Water, 20 ozs.

Sodium Sulphite (dry), 1 oz.

Hydroquinone, 140 grs.

Solution No. 2.

Water, 20 ozs.

Caustic Soda, 100 grs.

Potassium Bromide, 50 grs.

Use equal parts of Nos. 1 and 2.

When plates are developed, rinse for a few seconds and fix in the
Acid Alum Hypo Bath recommended for dry plates on page 46.

Develop and fix as usual. Radiographs which show up very poorly
often make the best Lantern Slides. Seductions can also be made on
Paragon X-Ray paper. If your camera will not focus sharp when close

up to the plate, in order to give an image on the ground glass of the
desired size, a small supplemental lens can be purchased at a low price.

Positives can be made by exposing another plate to light and
developing as usual. The film of the radiograph and of the positive
plate should be in contact, and a regular printing frame is useful for
holding the plates while doing this work. Expose about 3 feet from an
ordinary light, the time of exposure depending on the density of the
radiograph.

INTERPRETATION
Good diagnosis is as important as good radiographs; learn to look

for the unexpected and do not be a mere photographer. A thorough
study of anatomy will help greatly in learning how to focus the tube,

and how the parts should appear in the finished plate. Experience will

help greatly, and if a skeleton is available it can be studied with profit.

Text books and radiography do not always agree as to location or shape.

A double concave reducing lens will be found of great value in

reading plates of the kidney or gall bladder region, also on chest, head
or abdominal bismuth work. Stones may often be located which would
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be unnoticed on the full sized plate. Have the plate well lighted, using
tungsten or other lamps giving a clear white light. Stand from 4 to 6
feet from plate when using lens. We can supply these lenses if desired.

FILING
Some system should be employed in recording and filing exposed

plates. A plate marker helps greatly in this, as each plate is marked
at the time of exposure, therefore preventing it from losing its identity
due to paper labels getting loose, etc. We furnish negative preservers
which are strong Manila envelopes with printed form on the outside,
which can be used for filing. Plates should be stood on edge in com-
partments or shelves in numerical order. Card indices are often used
for cataloging them, and detailed description of several systems in use
in various hospitals will be sent on request.

PLATE TROUBLES
Ninety-nine per cent, of plate defects are due to careless manipu-

lation in the dark room. Too cold developer produces thin negatives
with the appearance of fog in spots. Too warm developer gives heavy
and flat negatives lacking in gradation. Always use a thermometer to

prevent this trouble. The temperature should range between 65 and 70
degrees. Do not use pyro on X-Eay plates. It seldom gives good results,

although fine for portraits or landscapes. If crystal sodas are used, take
double the quantity given in the formulae. Sulphite should not be exposed
to the air, as it is gradually converted to sulphate, and will not give
proper results in the developer. The quantity of sulphite in the devel-
oper generally controls the color of the finished plate. Over exposure
gives lack of contrast. If developed too far negatives will be very dense
and hazy. Under exposure gives little detail in the shadows, and if then
developed too far would give greyish plates.

There are various kinds of fog produced in many different ways.
Be sure the dark room light is safe, that your plates are not exposed
to the X-Ray before or after exposure, that your developer is of the
proper temperature and does not contain too much Carbonate.

Flat negatives or weak images may be due to under exposure, too

cold developer or too weak solution, and they are often caused by insuf-

ficient development. Develop them to the maximum length of time given
under each formula. The remedy then would be to give more exposure,

have proper temperature of the developer, or to use a fresh solution.

Pitted negatives are due to too slow drying. The gelatine swells

and gelatine eating microbes settle on the plate, leaving transparent
spots or blotches.

Stains are generally due to improper fixing. The hypo may be
decomposed or the bath may not contain sufficient acid. If the plates

are not rinsed thoroughly, sufficient alkali would soon be carried over
from the developer to neutralize- the acid in the hypo bath. This may
cause green or blue stains, even though the plate is fixed in absolute
darkness. Stains may be due to insufficient washing. Greenish stains,

pink by transmitted light, are usually due to too warm developer, or too
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long development of under exposed plates. Examination of the plates

by a bright light before fixation is complete should be avoided.

Frilling or soft films are due to the temperature of the solutions

or wash water being too high. A difference in temperature between solu-

tions is also liable to cause this trouble. Put a small piece of ice about the
size of a marble in the developer tray in summer, if dark room is very
warm. Do not wash too long, and place the negatives to dry where there
is good circulation of air or before a fan.

Pin holes or round transparent spots with sharply defined edges
are due to air bells which adhere to the surface of the plate during the
development.

Pin holes are always a defect in the handling of the plate. They
are never the result of defect in manufacture. They may occur in either

tank or tray development. The remedy is to go over the surface of the
plate with cotton or to rock the plate vigorously when first put into

the developer.

Semi-transparent spots on plates developed in tanks are generally
due to air in the water due to high water pressure, or to the cold and
hot water pipes running closely together. The remedy is to stir the
water thoroughly and then allow it to stand long enough for the air

to escape.

Irregular transparent spots may be due to oil getting on the film,

or to a scum which sometimes occurs on the surface of the developer
when left standing for some time.

Black spots, sometimes with a tail, are due to iron getting into

the solution, possibly from the water pipes.

Hypo or other chemical dust in the air may settle on plates, caus-

ing small spots, etc. The dark room should be washed occasionally to

get rid of the dust, and care should be taken that the hypo is not spilled

on the floor.

Small dark spots with sharp edges are generally caused by water
spattering on the plates before development.

Streaky plates may be caused by an old hypo solution in a ribbed
fixing box. They may also be due to always rocking the tray in one
direction.

Defective plates are so rare that the trouble can generally be
located in the X-Eay laboratory. If any question should arise, send us the
numbers on the bottom of the box, together with a few of the unexposed
plates, or allow some fellow radiographer to expose and develop one of

your plates without telling him what your troubles are.

Eemember, Paragon Plates should be given about one-third the
exposure usually given on the average X-Ray plate. Do not expect to

give the same exposure as on slow plates and get good results.
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Heavy inverse with a coil can often be traced to the interrupter.
The platinum point should be a tight fit in the porcelain tube. The edge
of the opening, where the platinum projects, should be sharp and should
not be hollowed out, as the gas bubbles will not pass off readily, and the
interruptions will not be sharp. The platinum should be kept fairly
square on the end, cutting off a small piece of it occasionally if necessary.

If the porcelain tube wears out hollow, it can be brought into
shape again by grinding off the porcelain on an emery wheel until the
hole is back to the original size. The tube should then be tapered off

from that point in order that the bubbles may pass away readily.

Be sure that the platinum is large enough to fill the hole; other-

wise the acid will boil up through the opening and flow down the out-

side of the tube from the vent hole. The current will flow constantly,
giving a poor break with little energy in the tube. This can be pre-

vented to a certain extent by putting a tight-fitting rubber cork inside
of the porcelain tube with opening just large enough to allow the stem
which holds the platinum to pass through.

In an emergency the tube can be filled with melted paraffin or

beeswax to prevent the overflow. The solution should not be over 3

inches above the lower end of the porcelain tube, and should test 1220
specific gravity for use on 110 volt or 1065 for use with 220 volts.

If the platinum point comes loose from the shaft, it can be
remounted by soldering to the steel or copper shaft with silver solder,

then sliding the lead tubing down over the joint and solder this to the
platinum with soft solder.

With mercury interrupters the chief trouble will be too much or

too little mercury, unsuitable oil or punctured condenser. With turbine
interrupters too much mercury will cause a constant flow of current
which will be shown by the amperemeter reading when the interrupter
is standing still. Unsuitable oil will cause the mercury to form a paste
about like putty. To prevent this, use only the very highest grade of
kerosene oil, known as the Elaine, or use alcohol. In an emergency dis-

tilled water can be used, but the interrupter is liable to rust if made
of cast iron.

If the rectifier has steel electrodes in it, they will coat with a
brownish deposit, which will cut down the energy greatly. To remedy
this the electrodes should be placed in a sulphuric acid solution until

thoroughly clean. Do not get acid on the aluminum, as it will destroy
the insulating coating and will probably blow the fuses afterwards. If
single jar rectifier is used and the aluminum becomes corroded, the plati-

num points will be destroyed rapidly.

Coils very rarely break down in the secondary. When they do it

can generally be shown by a smell of burning insulation, or the coil will

pull a very heavy current, giving only a short spark. Sometimes this is

due to a puncture between the windings of the primary. If so, it can
sometimes be shown by changing to a different inductance where the
coil may work all right. In this ease the primary should be pulled out
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of the tube and the short circuit repaired with a little adhesive tape or
other insulator.

MACHINE TROUBLES
The chief trouble on transformers is due to a breakdown of the

insulation on high tension rectifier. This will generally be shown by
a smell of burning insulation, and if the cabinet is left open the trouble
can often be located by running the machine on a short spark. The
cause will probably be puncture of one of the rubber tubes which are
generally used as a covering for the wheels, or to one of the contacts
on the rotating parts coming loose.

On disc machines the trouble may be caused by the shellac which
binds the mica particles becoming charred, causing it to carry the cur-

rent so that the tube is lighted up on the low voltage parts of the wave.
If not attended to it may spread until no current whatever will pass
into the tube.

The other trouble with transformers generally is a slipping of the
commutating part on the shaft, so that the contact is not made at the
time the peak of the wave is used in the tube. This will cut down the
energy greatly, and if the trouble is not remedied the commutator may
slip to the point where the tube gets a part of both waves, one of them,
however, being in the reverse direction.

This will be shown by inverse current in the tube, or by the tubes
blackening on the inside of the bulb, causing them to back up a long
spark gap, but give very little X-Ray.

To readjust the machine, connect up an oscilloscope the same
as an X-Ray tube would be, and readjust the rotating commutator, noting
the reading each time with a quick iiash so as not to have the current
on long enough to heat the rheostat. Use from 40 to 60 milliamperes in

order to get sufficient variation in the readings when you are approach-
ing the peak of the wave.

Mark the hub and shaft each time with the point of a penknife,

so that you can tell how much you rotate the commutator. When you
find two points which read about the same, set the hub so that your

scratch mark is about half-way between them. On machines with choke
coil control, the controller will have to be turned out entirely and a
rheostat used to hold the current down.

Portable Coil Troubles are chiefly through puncturing of the con-

denser or breakdown of the Tesla coil. With the condenser punctured
sometimes the outfit can be run temporarily by dropping back onto the

high frequency part of the condenser. If this does not answer, how-
ever, the outfit had better be sent to the factory at once. In this case,

wrap in heavy corrugated cardboard, leaving the handle projecting, so

that it will not have to be thrown around, or pack it with excelsior.
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For the convenience of our customers we can supply the following
accessories:

REDUCING LENS
These assist greatly in diagnosis of kidney or gall stone, fluid in

chest cavity, etc. Carried in 2% inch size only.

Price $1.25

DENTAL FILMS
These are packed two films in a package wrapped in waterproof

paper. Can be supplied in fast or slow emulsion.

Price per Doz. Packages. Postage Extra

1% x 1% $ .50

2% x 3 1.75

4 x6 2.50

LANTERN SLIDES

For the convenience of our customers we can supply the Defender
lantern slides for either soft or hard effect. We recommend the "B"
or soft slides.

List Price per Doz.

3% x 4 $ .55

Cover Glass, per doz 25

TRAYS
We recommend steel enameled trays as being the best for gen-

eral use.

8 x 10 $1.00
10 x 12 1.35

11 x 14 2.00

14 x 17 3.00

DEVELOPING TANKS
The Bowen Developing Tanks, original design. Size over all 41

x 25y2 x 2Sy2 , contains compartments for Developer, Hypo, and wash-
ing, with chamber to hold warm water in winter or ice in summer to

keep developer at proper temperature. Price F. O. B. factory in Virginia.

Price with 6 compartments $75.00
Price with 4 compartments 55.00

Brass frames for holding plates in tank.

5 x 7, 6% x 8%, 8 x 10 $ .90

10x12,11 x 14, 14x17 1.15

CHEMICALS
Owing to war conditions, no guaranteed prices can be published at

this time. Shipment will be charged at lowest price consistent with
market quotations.
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FILING ENVELOPES
These are made of strong manila paper and have a printed form

on the outside, the same as the orange envelopes. They are made for

filing radiographs, etc. Price per hundred:

5 x 7 $ .25 10 x 12 $ .80

6Y2 x 8% 35 11 x 14 1.00

8 x 10 40 14 x 17 1.35

DEVELOPER BOXES
For the convenience of those who do not do much work or are not

equipped with scales, we have put up two developer formulae in suffi-

cient size to make either 10 or 20 ounces of solution.

Metol Hydroquinone Developer Box, 10 oz. size, 15e; 20 oz. size, 25c.

Y2 gallon size $ .60

1 gallon size 1.00

2 gallon size 1.75

Edinol Hydroquinone Developer Box, 20 oz. size, 35c.

ACID FIXING BATH
Ready to dissolve in water. Small quantities can be measured

out as desired. Price per pound package, 25 cents; 5 pounds, $1.00.

Price on larger quantities on application.

X-RAY ENVELOPES
These are sold in sets consisting of a heavy black paper, light

proof, into which the plate is placed, this envelope fitting inside the
orange envelope. The outer envelope has a regular printed form on it

for the data of the case. Two sets of envelopes accompany each dozen
plates gratis.

Price per Dozen Sets for Extras

5 x 7 $ .30 10 x 12 $ .95

6% x 8% 45 11 x 14 1.25

8 x 10 60 14 x 17 2.25

PARAGON X-RAY PAPER
This is a paper stock coated with a very fast emulsion. It can

be used for fractures or charity work either alone or with intensifying
screen. It is very much faster than a bromide paper and is used in place
of plates on serial radiography where intended for records only. For
referred cases where the physician desires something to show the patient
or where radiographs are required immediately in the operating room, the
paper is of value as it can be fastened to the wall, whereas a plate would
melt down in the illuminating box.

Price per Dozen

5 x 7 $ .35 10 x 12 $1.25

6Y2 x 8y2 60 11 x 14 1.60

8 x 10 75 14 x 17 2.40
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PARAGON X-RAY PLATES
The Paragon Plates are made especially for fine radiographic work,

and will give negatives of the highest class with fine detail and deep
contrasts with very short exposures. They can be relied on at all times,
as they run uniform in speed. The regular Paragon plate is unique from
all others, in that while it is unexcelled for speed, density and contrast
with the X-Eay, it is not especially fast to daylight. The finest bone
structures or soft tissue details are rendered on the plates even with
small apparatus, where the use of other plates would be out of the
question.

Price List per Dozen

With With Doz. Weight
Size two env. 12 env. per case per case

5x7.. . ...$ 1.40 $1.65 20 55 lbs

6% x 8% .. 2.10 2.50 12 52 "
8 x 10 . . . 3.00 3.50 10 64 "

10 x 12 . . . 5.15 5.90 4 56 "
11 x 14 . . . 7.25 8.25 4 72 "
14 x 14 10.00 11.88 3 78 "
14 x 17 ... 11.25 13.00 3 82 "

Larger or special sizes quoted on special order.

Square plates of any size to 16 x 16.

PARAGON X-RAY SCREEN PLATES
These are especially prepared for use when an intensifying screen

is used, permitting the shortest possible exposures and possessing
greater speed than when the regular X-Eay plate is thus used. They
can also be used without screen, and when so used will be found fully

equal to the average X-Ray plates on the market.

Price List per Dozen

With With Doz. Weight
Size two env. 12 env. per case per case

5 x 7 $ 1.10 $1.35 20 55 lbs.

6% x 8y2 1.65 2.05 12 52
8 x 10 2.40 2.90 10 64

10 x 12 4.20 4.95 4 56
11 x 14 6.00 7.00 4 72
14 x 17 9.00 10.75 3 82

DISTRIBUTION
Realizing the great need of quick and reliable service where life

is often at stake, we are prepared to make shipments on receipt of order
either from the factory or from stock carried in Chicago and eleven other
cities scattered throughout the country.

As we supply both dealers and consumers from these stocks, they
are changing daily owing to the heavy demand, and consequently fresh
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plates may be had at all times. Those who have used imported plates
in the past will realize the value of this.

Write us for the name of our nearest dealer or branch house.
Paragon plates are handled by all progressive firms.

GEO. W. BRADY & CO.,

754 So. Western Avenue, Chicago, 111.

Stocks carried at Boston, Mass., New York City, N. Y., Philadel-

phia, Pa., Cleveland, O., Eochester, N. Y., Cincinnati, O., Chicago, 111., Min-

neapolis, Minn., St. Louis, Mo., San Francisco, Cal., Toronto, Ont., Can.

Copyright May, 1915, by Geo. W. Brady. All rights reserved.
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